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USEPA/PAPER INDUSTRY COOPERATIVE DIOXIN STUDY 

"THE 104 MILL STUDY" 

STATISTICAL FINDINGS AND ANALYSES 

EXECUTIVE SUMMARY 

This report describes statistical analyses of the data from the "104 Mill 

Study." This study was the result of a cooperative agreement between EPA and 

the U.S. paper industry. The purpose of the study was to characterize the 104 

U.S. mills that practiced chlorine bleaching of chemically produced pulps in mid 

to late 1988. The scope of the study was developed by EPA and industry, and the 

study was managed by the National Council of the Paper Industry for Air and 

Stream Improvement, Inc. (NCASI), with EPA overview. The data collected included 

measurements of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,7 , 8-

tetrachlorodibenzofuran (TCDF) concentrations in three export vectors (pulp, 

sludge, and effluent); and information on wastewater treatment, bleaching, and 

~&nufacturing processes. More information was available for kraft mills (155 

!ach lines) than sulfite (18 bleach lines); there:ore, some statisti cal 

findings are reported for only kraft mills. The statistical findings are: 

1. The detected concentration values of TCDD/TCDF were best approximated by 

lognormal distributions, estimated separately for each of the export vectors: 

pulp, sludge, and effluent. 

2. Analysis of field and laboratory duplicates indicated excellent agreement 

between duplicate measurements of TCDD/TCDF concentrations. As a consequence, 

analytical measurement vari.ability is a very small portion of the total 

variability in the TCDD/TCDF data . 

3. The reported detection levels for the non-detected measurements of 

TCDD/TCDF demonstrate that the target detection level of 10 parts per quadrillion 

(ppq) for effluent measurements is achievable . 

Estimates of the daily total mass output rates of TCDD/TCDF at U.S. 

~eached pulp mills were 0 .004 lbs/day for TCDD and 0.032 lbsjday for TCDF. 



Output rates for individual mills varied substantially; however, the per 

averages were 0 . 00005 lbs of TCDD and 0.00048 lbs of TCDF exported dai. 

pulp , sludge, and treated effluent . 

5. The relative amounts of TCDD/TCDF partitioned to each of the three export 

vectors (pulp, sludge, and effluent) were highly variable among mills. 

6. Significantly more TCDD/TCDF was exported at kraft mills than sulfite 

mills. 

7. Mills using Activated Sludge (ACT) wastewater treatment systems exported 

somewhat less effluent-based TCDD/TCDF mass on average and significantly more 

sludge-based TCDD/TCDF mass than mills using Aerated Stabilization Basins (ASB) . 

The difference in sludge exports can be partially attributed to the fact that 

ACT sludge samples in the 104 Mill Study consisted of combined primary and 

secondary sludges. Those from ASB systems consisted only of primary sludg' 

J 

8. Total Suspended Solids (TSS) concentrations in ACT systems was~founl 

be si~ificantly higher than the TSS concentrations of ASB systems at k. 

mills. 

9. When ACT and ASB-type kraft mills were combined, a weakly correlated 

positive trend was observed between effluent TCDD/TCDF and TSS levels, and a 

weakly correlated negative trend was observed between TSS and sludge TCDD/TCDF. 

For kraft mills using only ACT treatment, higher TSS levels were associated with 

higher sludge-based TCDD/TCDF exports but lower effluent-based TCDD/TCDF exports. 

10 . Linear regressions of the TCDD/TCDF export rates fit to bleaching measures 

at each mill (including application rates of bleaching and chemical extraction 

agents) were found to be poor predictors of individual kraft mill outputs. 

11 . Greater chlorine usage in kraft mills was found to be statistically 

associated with higher formation rates of TCDD/TCDF . 

12. Increased substitution of chlorine dioxide for chlorine in the C-stagF 

kraft mills was correlated with slight reductions in TCDD/TCDF formation. 



13. Higher chlorine multiples during C-stage bleaching were weakly associated 

with higher TCDD/TCDF mass formation in kraft mills. 

14. Kraft mills that used oxygen delignification in the bleaching process 

exhibited somewhat lower rates of TCDD/ TCDF formation than mills that did not 

use such methods. 





TABLE OF CONTENTS 

~ 

1. INTRODUCTION 1 

1. 1 STUDY FEATURES 2 

1.1. 1 Field Sampling Program 3 
1.1.2 Analytical Program 4 
1 . 1 . 3 Data Handling 5 

1.2 INDUSTRY PROFILE 5 

1 .2 . 1 Pulping and Bleaching 6 
1.2 . 2 Bleach Line Chemical Usage 6 
1 .2.3 Wastewater Treatment ll 

2 . SUMMARY OF STATISTICAL FINDINGS 13 

2 . 1 CHARACTERIZING TCDD/TCDF CONCENTRATION DATA 13 
2 . 2 VARIABILITY IN DUPLICATE SAMPLE ANALYSES 14 
2 .3 DETECTION LEVELS FOR NON-DETECTED MEASUREMENTS 14-
2 .4 TOTAL MASS FORMATION ESTIMATES OF TCDD(TCDF 14 
2.5 VARIABILITY IN PARTITIONING OF TCDD/ TCDF TO 14 

DIFFERENT EXPORT MATRICES 
2 . 6 DIFFERENCES DUE TO PULPING AND WASTEWATER TREATMENT 15 
2 .7 RELATIONSHIPS BETWEEN WASTEWATER TREATMENT AND TOTAL 15 

SUSPENDED SOLIDS 
2 . 8 R.ELATIONSHIPS BETWEEN TCDD(TCDF FORMATION AND MILL 15 

OPERATING CHARACTERISTICS 
2.9 EFFECTS OF CHLORINE APPLICATION IN PRE-BLEACHING 16 
2 . 10 EFFECT OF THE CHLORINE MUI.TIPLE 16 
2.11 USE OF OXYGEN IN THE BLEACHING PROCESS 16 
2 . 12 DIFFERENCES IN WOOD TYPES .. 17 

3. CHARACTERIZATION OF THE TCDD/TCDF CONCENTRATION DATA 18 

3 . 1 VARIABILITY IN DETECTION LEVELS 18 
3 .2 FITTING OF DETECTED CONCENTRATIONS 20 

4. ANALYSIS OF FIELD AND LAB DUPLICATE SAMPLES 28 

4 . 1 CORRELATIONS BETWEEN DUPLICATE PAIRS 28 
4 .2 ANALYSIS OF DUPLICATE SAMPLE VARIABILITY 30 

5. PARTITIONING OF TCDD/TCDF MASSES INTO EXPORT MATRICES 52 

5. 1 VARIABILITY ACROSS EXPORT VECTORS 52 
5. 2 KRAF'l' VERSUS SULFITE MILLS 53 
5. 3 ACT VERSUS ASB WASTEWATER TREATMENT 55 
5 .4 OVERALL .PARTITIONING OF TCDD/TCDF 56 

6 . ANALYSIS OF TOTAL SUSPENDED SOLIDS 84 



TABLE OF CONTENTS (Continued) 

7 . MODELING TCDD/F FORMATION AS A FUNCTION OF MILL OPERATING 
PARAMETERS 

7.1 REGRESSION ANALYSES 

7.1 . 1 Effects of Chlorine Bleaching 
7.1 . 2 Effect of the Chlorine Multiple 
7 . 1.3 Chlorine Dioxide Substitution 
7 .1 .4 Use of Oxygen in Bleaching 
7.1 . 5 Differences in Wood Types 

7 . 2 SUMMARY 

APPENDIX A: DATA LISTINGS 

APPENDIX B: PROBABILITY PLOTS 

REFERENCES 

1-1 
1-2 
1-3 
1-4 

1-5 
1-6 
3-1 
3-2 
3-3 
4-1 
4-2 
4-3 
5-l 
5-2 
5-3 
S-4 
5-S 
5-6 
5-7 
5 -8 
6-1 
6-2 
6-3 
6-4 
6-5 
6-6 
6-7 
7-1 

LIST OF TABLES 

INDUSTRY PROFILE - PULPING 
INDUSTRY PROFILE - BLEACHING 
INDUSTRY PROFILE - BLEACH LINE CHEMICAL USAGE 
STATUS OF U.S. BLEACHERY OPERATIONS : C-STAGE CHLORINATION 

AND CHLORINE DIOXIDE SUBSTITUTION 
C-STAGE CHLORINE MULTIPLE (KAPPA FACTOR) 
INDUSTRY PROFILE · WASTEWATER TREATMENT 
DETECTION LEVELS FOR NON-DETECT SAMPLES 
DESCRIPTIVE STATISTICS FOR TCDD CONCENTRATION 
DESCRIPTIVE STATISTICS FOR TCDF CONCENTRATION 
PEARSON CORRELATIONS BETWEEN DUPLICATE PAIRS 
ANOVA TABLE FOR LAB DUPLICATES 
ANOVA TABLE FOR FIELD DUPLICATES 
DESCRIPTIVE STATISTICS FOR DIOXIN 
DESCRIPTIVE STATISTICS FOR DIOXIN (BY WASTEWATER TREATMENT) 
DESCRIPTIVE STATISTICS FOR FURAN 
DESCRIPTIVE STATISTICS FOR FURAN (BY WASTEWATER TREATMENT) 
DIFFERENCES BETWEEN PULPING PROCESSES 
DIFFERENCES BETWEEN TREATMENT TYPES 
STATISTICS FOR TCDD/TCDF (BY MILL PROCESS) 
STATISTICS FOR TCDD/TCDF (BY MILL PROCESS) 
DESCRIPTIVE STATISTICS FOR TSS 
TCDD EXPORTS (TREATED KRAFT MILLS ONLY) 
TCDF EXPORTS (TREATE.D KRAFT MILLS ONLY) 
TCDD EXPORTS FOR ACT TREATMENT/KRAFT MILLS ONLY 
TCDF EXPORTS FOR ACT TREATMENT/KRAFT MILLS ONLY 
TCDD EXPORTS FOR ASB TREATMENT/KRAFT MILLS ONLY 
TCDF EXPORTS FOR ASB TREATMENT/KRAFT MILLS ONLY 
SUMMARY STATISTICS: BREAKDOWN BY C102 USAGE 

104 

105 

106 
107 
107 
107 
108 

108 

126 

144 

164 

7 
7 
8 
9 

10 
12 
19 
24 
26 
31 
33 
34 
58 
59 
60 
61 
66 
76 
82 
83 
89 
94 
95 

100 
101 
102 
103 
110 



LIST OF TABLES (Continued) 

WJ.£ ~ 

7-2 SUMMARY STATISTICS: BREAKDOWN BY 02 USAGE 111 
7-3 REGRESSIONS OF CHLORINE USAGE (KRAFT MILLS ONLY) 121 
7-4 REGRESSIONS OF CHLORINE MULTIPLE (KRAFT MILLS ONLY) 122 
7-5 REGRESSIONS OF Cl02 SUBSTITUTION (KRAFT MILLS ONLY) 123 

A-1 104 MILL DATA LISTING 127 
A· 2 TCDD/TCDF CONCENTRATION DATA 129 
A-3 TCDD/TCDF FIELD DUPLICATES 139 
A-4 TCDD/ TCDF LAB DUPLICATES 141 

LIST OF FIGURES 

FIGURE ug 

3-1 SAMPLE CUMULATIVE DISTRIBUTION GRAPH: EFFLUENT TCDD 21 
DETECTION LEVELS 

3-2 SAMPLE CUMULATIVE DISTRIBUTION GRAPH: EFFLUENT TCDF 22 
DETECTION LEVELS 

4-1 PULP FIELD DUPLICATES/TCDD 36· 
4-2 PULP FIELD DUPLICATES/TCDF 37 
4-3 PULP LAB DUPLICATES/TCDD 38 
4-4 PULP LAB DUPLICATES/TCDF 39 
4-5 SLUDGE FIELD DUPLICATES/TCDD 40 
4-6 SLUDGE FIELD DUPLICATES/TCDF 41 
4-7 SLUDGE LAB DUPLICATES/TCDD 42 
4-8 SLUDGE LAB DUPLICATES/TCDF 43 
4-9 EFFLUENT FIELD DUPLICATES/TCDD 44 
4-10 EFFLUENT FIELD DUPLICATESjTCDF 45 
4-11 EFFLUENT LAB DUPLICATES/TCDD 46 
4-12 EFFLUENT LAB DUPLICATES/TCDF 47 
4-13 EFFLUENT LAB DUPLICATES : KRAFT MILLS ONLY/TCDD 48 
4-14 EFFLUENT LAB DUPLICATES: SULFITE MILLS ONLY/TCDD 49 
4-15 EFFLUENT LAB DUPLICATES: KRAFT MILLS ONLY/TCDF so 
4-16 EFFLUENT LAB DUPLICATES: SULFITE MILLS ONLY/TCDF 51 
5-1 PERCENT OUTPUT BY MATRIX/TCDD 62 
5-2 PERCENT OUTPUT BY MATRIX/TCDF 63 
5-3 ADJUSTED TCDD BY MATRIX 64 
5-4 ADJUSTED TCDF BY MATRIX 65 
5-S PERCENT OUTPUT BY TREATMENT/EFFLUENT TCDD 68 
5-6 PERCENT OUTPUT BY TREATMENT /SLUDGE TCDD 69 
5-7 PERCENT OUTPUT BY TREATMENT/EFFLUENT TCDF 70 
5-8 PERCENT OUTPUT BY TREATMENT/SLUDGE TCDF 71 
5-9 ADJUSTED EFFLUENT TCDD 72 
5-10 ADJUSTED SLUDGE TCDD 73 
5-11 ADJUSTED EFFLUENT TCDF 74 
5-12 ADJUSTED SLUDGE TCDF 75 
5-13 TOTAL TCDD EXPORTS (lbsjday * E+06) 78 
5-14 TOTAL OUTPUT: TCDD (KRAFT AND SULFITE MILLS) 79 
5-15 TOTAL TCDF EXPORTS (lbsjday * E+06) 80 
5-16 TOTAL OUTPUT : TCDF (KRAFT AND SULFITE MILLS) 81 



LIST OF FIGURES (Continued) 

FIGURE ~ 

6-1 TSS BY TREATMENT 88 
6-2 EFFLUENT TCDD OUTPUT 90 
6-3 SLUDGE TCDD OUTPUT 91 
6-4 EFFLUENT TCDF OUTPUT 92 

6-5 SLUDGE TCDF OUTPUT 93 
6-6 EFFLUENT TCDD OUTPUT BY TREATMENT 96 
6-7 SLUDGE TCDD OUTPUT BY TREATMENT 97 
6-8 EFFLUENT TCDF OUTPUT BY TREATMENT 98 
6-9 SLUDGE TCDF OUTPUT BY TREATMENT 99 
7-1 C12 vs. ADJUSTED TOTAL TCDD 112 
7-2 C12 vs. ADJUSTED TOTAL TCDF 113 
7-3 C1 2 vs. ADJUSTED TCDD TOXIC EQUIVALENT 114 
7-4 C12 MULTIPLE vs. ADJUSTED TOTAL TCDD 115 
7-5 C12 MULTIPLE vs. ADJUSTED TOTAL TCDF 116 
7-6 C12 MULTIPLE vs. ADJUSTED TCDD TOXIC EQUIVALENT 117 
7-7 PERCENT C102 SUBSTITUTION vs. ADJUSTED TOTAL TCDD 118 
7-8 PERCENT C102 SUBSTITUTION vs. ADJUSTED TOTAL TCDF 119 
7-9 PERCENT C102 SUBSTITUTION vs. TCDD TOXIC EQUIVALENT 120. 
7-10 C12 vs. ADJUSTED PULP TCDD 124 
7-11 KAPPA# vs. ADJUSTED PULP TCDD 125 

B-1 PULP TCDD PROBABILITY PLOT : DETECTED VALUES ONLY 145 
B-2 PULP TCDF PROBABILITY PLOT: DETECTED VALUES ONLY 146 
B-3 SLUDGE TCDD PROBABILITY PLOT: DETECTED VALUES ONLY 147 
B-4 SLUDGE TCDF PROBABILITY PLOT: DETECTED VALUES ONLY 148 
B-5 EFFLUENT TCDD PROBABILITY PLOT: DETECTED VALUES ONLY 149 
B-6 EFFLUENT TCDF PROBABILITY PLOT: DETECTED VALUES ONLY 150 
B-7 PULP TCDD PROBABILITY PLOT 151 
B-8 PULP TCDF PROBABILITY PLOT 152 
B-9 SLUDGE TCDD PROBABILITY PLOT 153 
B-10 SLUDGE TCDF PROBABILITY PLOT 154 
B-11 EFFLUENT TCDD PROBABILITY PLOT 155 
B-12 EFFLUENT TCDF PROBABILITY PLOT 156 
B-13 ADJUSTED PULP TCDD PROBABILITY PLOT 157 
B-14 ADJUSTED PULP TCDF PROBABILITY PLOT 158 
B-15 ADJUSTED SLUDGE TCDD PROBABILITY PLOT 159 
B-16 ADJUSTED SLUDGE TCDF PROBABILITY PLOT 160 
B-17 ADJUSTED EFFLUENT TCDD PROBABILITY PLOT 161 
B-18 ADJUSTED EFFLUENT TCDF PROBABILITY PLOT 162 
B-19 TSS PROBABILITY PLOT 163 



1. INTRODUCTION 

In October 1987, the U.S. Environmental Protection Agency (EPA) and the 

U.S. Pulp and Paper Industry jointly released preliminary results from a 

screening study that provided the first comprehensive results on the formation 

and discharge of chlorinated dibenzo-p-dioxins (COOs) and dibenzofurans (CDFs) 

from pulp and paper mills (l). This screening study of five bleached kraft mills 

("Five Mill Study") confirmed that the pulp bleaching process was primarily 

responsible for the formation of COOs and CDFs. The partitioning of these 

compounds between the bleached pulp, wastewater treatment sludge, and final 

wastewater effluent was found to be highly variable among the mills. The study 

results also indicated that 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and 

2,3,7,8-tetrachlorodibenzofuran (TCDF) were the principal COOs and CDFs formed . 

The final Five Mill Study report was published in March 1988 (2). 

To provide EPA with more complete data on the release of these compounds 

by the U.S. paper industry, an agreement w~s reached in April 1988 between EPA 

and the industry to conduct a second study to characterize the 104 U.S. mills 

that practiced chlorine bleaching of chemically produced pulps (3). The scope 

of the study was developed by EPA and industry, and the study was managed by the 

National Council of the Paper Industry for Air and Stream Improvement, Inc. 

(NCASI), with EPA overview. The data from this study provided an estimate of 

the release of TCDD and TCDF in three environmental export vectors (i.e. , 

bleached pulp, sludge, and effluent) from the U.S . Pulp and Paper Industry as 

of mid- to late 1988. 

This section presents the major features of the study design, including 

the field sampling program, the analytical program, and data handling; and a 

profile of the industry at the time the study was conducted, comprising pulping 

and bleaching characteristics, bleach line chemical usage during sampling, and 

wastewater treatment. 
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The remainder of the report provides details of the statistical analyses 

and study results, and consists of the following sections: 

Section 2, summary of the findings 

• Section 3, characterization of the TCDD/TCDF concentration data 

Section 4, analysis of duplicate samples 

• Section 5, partitioning of TCDD/TCDF mass rates into mill exports 

Section 6 , analysis of total suspended solids 

Section 7 , modeling of TCDD/ TCDF formation in terms of mill operating 
parameters 

A listing of the data used in the analyses is also provided in appendix 

A. This report and a separate summary document were prepared independently by 

EPA . The paper industry, through NCASI, has also prepared a report of the 104 

Mill Study (4). Preliminary study results were presented by EPA and NCASI in 

September 1989 (5) and will be published in Chemosphere. This report includes 

data received by EPA from NCASI as of April 1990 and comprises more than 98 

percent of the data required by the study objectives. 

When reviewing the study results, it is important to keep in mind that the 

principal objective of the 104 Mill Study was to characterize exports from the 

104 mills in terms of TCDD and TCDF. The study was not designed to address 

mechanisms of formation of these compounds or to determine the best technologies 

for treating these compounds in wastewaters. Nonetheless, the study results 

permit some us~ful observations in these areas as well. 

1.1 STUDY FEATURES 

All U.S. pulp and paper mills where chemically produced wood pulps are 

bleached with chlorine and chlorine derivatives were included in the Agreement 

for the 104 Mill Study (3). Although mills included in the Five Mill Study were 

not resampled for the 104 Mill Study, TCDD/TCDF data and mill operating and 

wastewater treatment information from the Five Mill Study have been included in 
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.. this analysis . Consolidated Paper independently conducted a study at its 

Wisconsin Rapids, Wisconsin mill. Due to differences in sampling and analytical 

protocols, the data for TCDD/TCDF from this mill were not included. However, 

mill characteristics and wastewater treatment information for Consolidated Paper 

are included in the industry profile presented in subsection 1.2. 

1.1.1 Field Sampling Program 

The Agreement for the 104 Mill Study required that each significant export 

vector (fully bleached pulp, wastewater sludge, and final wastewater effluent) 

be sampled and that the samples be composited over a 5-day period (3). In most 

cases, the composite samples consisted of up to eight alj.quots obtained 

throughout the sampling day. Nearly all sampling was performed by mill personnel 

following guidance established by NCASI. In a few cases, NCASI personnel 

conducted the sampling. The sampling protocols closely followed those 

established for the Five Mill Study (2). 

The pulp samples taken were of the highest brightness pulp produced at each 

bleach line. At mills with two bleach lines where hardwood and softwood pulps 

are bleached separately, separate hardwood and softwood composite pulp samples 

were collected. At mills with a single bleach line where both hardwood and 

softwood pulps are bleached (i.e . , a swing line), sampling was conducted 

intermittently to ensure that the 5-day composite samples were composed only of 

hardwood or softW\IOd pulp. A few bleach. lines processed mixtures of hardwood 

and softwood pulps. The composite samples from these lines were classified by 

the percent of softwood pulp in the mixture. 

Sludge samples consisted only of those sludges removed from the wastewater 

treatment system and disposed of in landfills, by incineration, or by other 

methods. For mills with Activated Sludge Wastewater Treatment (ACT), the sludge 

samples generally consisted of combined primary and secondary sludge; for mills 

with Aerated Stabilization Basins (ASB) , only primary sludges were sampled. In 

most cases, the sludges were dewatered prior to offsite disposal; however, 

several primary sludges were collected in a low consistency slurry form. 
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More than 90 sampled effluents were collected from mills with biological 

treatment. For eight mills, the samples consisted of partially treated effluents 

prior to discharge to municipal wastewater treatment plants. Two mills with 

direct ocean discharges provided samples of untreated effluents. Another 

untreated effluent was sampled at a mill that used a percolation pond for 

wastewater disposal. 

This sampling scheme generated over 400 samples for isomer-specific TCDD 

and TCDF analyses. About 80 additional samples were collected as part of the 

quality assurance/quality control (QA/QC) plan. These samples were analyzed as 

field duplicates and/or included in native spike determinations. The data is 

listed in Appendix A. In addition, mill operators were required to provide 

process operating data for bleacheries and wastewater treatment plants. These 

data were collected to document operation of the processes at the time of 

sampling. 

1.1.2 Analytical Program 

The Brehm Laboratory at Wright State University (WSU), Dayton, Ohio, 

performed analytical methods development work for isomer-specific determinations 

of TCDD and TCDF in pulp and paper mill matrices and completed analyses of all 

samples for the Five Mill Study (2). Analytical work for the present study was 

conducted by Enseco-California Analytical Laboratories (CAL) in West Sacramento, 

California, and WSU. Enseco-CAL conducted most of the sludge and effluent 

analyses , while WSU analyzed most of the pulp samples. 

The analytical methods used in the 104 Mill Study were consistent with the 

screening study protocols established for the Five Mill Study (2). Analytical 

objectives for target detection levels for TCDD and TCDF were 1 ng/kg (parts 

per trillion [ppt]) for sludges and pulps, and 0.01 ng/kg (ppt) for wastewater 

effluents. The Agreement specified identification and quantitation criteria for 

TCDD/TCDF and required that NCASI manage QA/QC programs for the study. NCASI 

staff performed and coordinated sample preparation, submitted samples to the 

analytical laboratory, and reviewed laboratory data reports. Nearly all 

analytical results met the QA/QC objectives established for the study. Several 
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samples required re-analysis to obtain valid data; however, the proportion of 

such samples was less than 6 percent of the total. 

1.1.3 Data Handling 

To ensure consistent reporting of bleach plant and wastewater treatment 

information, NCASI developed specific forms for mill personnel to report bleach 

line operating characteristics, bleach line chemical applications, and wastewater 

treatment operations. Copies of these forms, as well as schematic diagrams of 

the bleacheries and wastewater treatment facilities, were provided to EPA by 

NCASI for most mills. For those few mills which requested confidential treatment 

of certain data, the forms were submitted directly to EPA by mill operators . 

NCASI submitted final analytical results to EPA as they were developed in 

conformance with the QA/QC protocols specified in the Agreement (3). 

EPA and NCASI independently developed data summaries in spreadsheet format 

to characterize bleach line operating characteristics; mass flow rates of 

bleached pulp, wastewater sludge, and wastewater effluent; and mass flows of 

TCDD and TCDF estimated in mill exports. The respective spreadsheet entries were 

compared several times and corrections made as appropriate. Prior to conducting 

detailed statistical analyses, EPA had a contractor further compare the 

spreadsheets agains~ the original report forms. All discrepancies were resolved 

and the spreadsheets updated. New databases were then created by uploading the 

data from the spreadsheets to the EPA mainframe computer. 

1 . 2 INDUSTRY PROFILE 

At the time the 104 Mill Study field program was underway (mid- to late 

1988 for most mills), the U.S. Pulp and Paper Industry was characterized by 

limited application of those pulping and bleaching practices demonstrated to have 

the potential to reduce formation of TCDD/TCDF. Since that time, many mill 

operators have initiated programs to institute improved pulping and bleaching 

technologies and operating practices. This industry profile, however, does not 

reflect a~y changes made by U.S. paper mills since the end of 1988. 
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1.2.1 Pulping and Bleaching 

Tables 1·1 and 1-2 present the industry profile for pulping and bleaching 

of those mills included in the study. This segment of the U.S. industry 

comprises 86 kraft pulping mills, 16 sulfite mills, 1 soda mill, and 1 mill with 

both kraft and sulfite pulping. More than half of the bleach lines at kraft 

mills are used for bleaching softwoods exclusively and 40 percent for bleaching 

hardwoods. The balance of the bleach lines are either swing lines or used to 

bleach hardwood/softwood pulp mixtures. For sulfite mills, half the bleach lines 

are used for softwood pulps, nearly 40 percent for hardwood pulps, and the 

balance for mixed pulps. 

1.2.2 Bleach Line Chemical Usage 

Table 1·3 summarizes the number and percentage of bleach lines with oxygen 

delignification systems and other chemical usage in pre-bleaching and final 

bleaching. The data were provided by mill operators during the sampling surveys. 

During that period, the industry was characterized by low utilization of oxygen 

delignification, relatively low utilization of oxygen reinforced extraction , low 

utilization of peroxide reinforced extraction, and relatively high utilization 

of hypochlorite in both pre-bleaching and final bleaching. 

The status of bleachery operations in the U.S. industry in mid· to late 

1988 with respect to chlorine usage and chlorine dioxide substitution is 

summarized in Table 1·4. Note that about 35 percent of the kraft mill bleach 

lines were operated with no chlorine dioxide in the C·Stage, and less than 2 

percent of the kraft mill bleach lines had chlorine dioxide substitution rates 

greater than 50 percent. 

Table 1·5 presents a summary of chlorine multiples (Kappa factor) 

determined for kraft and sulfite bleach lines at the time of sampling. The 

chlorine multiple is the ratio of the amount of active chlorine used in pulp 

bleaching in the C·Stage to the amount of lignin contained in brownstock or 

oxygen deli~ified pulp as characterized by the Kappa number . Eleven percent 
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TABLE 1-l. INDUSTRY PROFILE - PULPING 

~ Number of Mills 

Kraft 
Sulfite 
Kraft and Sulfite 
Soda 

Total 

86 
16 
1 
1 

104 

TABLE l-2. INDUSTRY PROFILE - BLEACHING 

Wood type NUIDber of Bleach Lines 

Knll Sulfite ~ 

Hardwood 67 7 1 
Softwood 89 9 
Mixed HW/SW 9 2 I -

Total 165 18 1 

Note: Kraft hardwood and softwood bleach 
line data include 14 swing lines 
counted as both hardwood and 
softwood lines. 
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TABLE 1·3. INDUSTRY PROFILE · BLEACH LINE CHEMICAL USAGE 

Chemical Usage Nwnber of Bleach Lines (%) 

Kl:ili Sulfite Soda 

Oxygen Delignification 7 (4.2) - ( 0) - ( 0) 

Pre-bleaching 
C-Stage C12 165 (100) 16 ( 89) 1 (100) 
C- Stage C102 lOS ( 64) 1 (5 . 6) 1 (100) 

E-Stage 02 78 ( 47) 4 ( 22) 1 ( 100 ) 
E-Stage NaOCl 47 ( 28) 1 (5.6) - ( 0) 
E-Stage H202 2 ( 1. 2) 1 ( 5.6 ) - ( 0) 

Final Bleaching 
Cl02 147 ( 89) 4 ( 22) 1 (100) 
NaOC1 90 ( 55) 14 ( 78) ( 0) 
H202 25 ( 15) 1 (5.6) - ( 0) 
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TABLE 1-4. STATUS OF U.S. BLEACHERY OPERATIONS: C-STAGE 
CHLORINATION AND CHLORINE DIOXIDE SUBSTITUTION 

Kraft Mill Bleach Lines 

Chlorine Application 
LbS Cl 2/Ton ADBSP Bleach Lines 

< 40 
40-60 
60-80 
80-100 
100-120 
120-140 
> 140 

TOTAL 

15 
22 
32 
36 
28 
16 
16 

165 

Cl02 Substitution 
Percept Bleach Lines 

0 59 
< 5 16 

5-10 4.1 
10-20 33 
20-30 9 
30-40 1 
40- so 3 
50-60 1 
60-70 1 
> 70 1 

TOTAL 165 

Sulfite Mill Bl"each Lines 

< 40 2 0 17 
40-60 1 < 5 1 
60-80 2 > 5 0 
80-100 6 
100-120 3 
120-140 4 

> 140 0 

TOTAL 18 TOTAL 18 

Notes: Bleachery operations for swing lines were counted twice, 
separately for hardwood and softwood pulps . 
ADBSP - Air-dried brownstock pulp. 
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TABLE 1-5. C-STAGE CHLORINE MULTIPLE (KAPPA FACTOR) 

Number of Bleach Lines 

Chlorine Multiple Kraft Sulfite 

< 0.10 4 2 
0.10 - < 0.15 15 1 
0.15 - < 0.20 51 6 
0.20 - < 0.25 54 3 
0.25 < 0.30 17 

> 0.30 14 6 

TOTAL 155 18 

Notes: Chlorine multiple was computed from active 
chl orine (Cl2 and Cl02 ) applied in the C-Stage . 
Chlorine multiples could not be computed for 10 
kraft mill bleach lines because of incomplete 
data . 
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of the sampled bleach lines were operated with average chlorine multiples less 

than 0 .15. 

1 . 2.3 Wastewater Treatment 

The status of wastewater treatment provided at the 104 paper mills is 

summarized in Table 1-6. The industry standard consis t s of primary treatment 

followed by secondary biological treatment. Eight mills discharge to public ly 

owned treatment works (PO!Ws) after primary treatment, and two have no treatment. 

Wastewaters from one mill are disposed of in a percolation pond. About 35 

percent of kraft mills have ACT and more than half have ASB. For sulfite mills , 

nearly 70% have ACT while almost 20% use ASB. 
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TABLE 1-6 . INDUSTRY PROFILE - VASTEVATER TREATMENT 

Number of Mills 

Treatment Type Krill Sulfite Soda l2.lli 

ACT 32 11 43 
ASB 45 3 1 49 
Discharge to PO'IV 7 1 8 
Discharge to Other Mill WYTP 1 1 
Percolation Pond 1 1 
No Treatment 2 2 

TOTAL 87 16 1 104 

Note: The mill with kraft and sulfite pulping was listed as a kraft 
mill for purposes of this table . 
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2. SUMMARY OF STATISTICAL FINDINGS 

The following discussion summarizes the statistical findings from the 104 

Mill Study of U.S. bleached pulp mills. The conclusions are necessarily limited 

in scope, due to the design of the study. More information was available for 

kraft mills than sulfite; therefore, some statistical findings are reported only 

for kraft mills. The results do provide, though, the basis for several useful 

observations. 

2.1 CHARACTERIZING TCDD/TCDF CONCENTRATION DATA 

Examination of the laboratory analyses of samples collected at each mill 

indicated that the detected concentration values of 2,3,7,8-tetrachlorodibenzo­

p-dioxin (TCDD) and 2, 3, 7, 8- tetrachlorodibenzofuran (TCDF) were best approximated 

by lognormal distributions, estimated separately for each of the export matrices 

pulp, sludge, and effluent. A number of non-detected measurements were also 

reported in the data. Analysis of the mass formation rates of TCDD/TCDF required 

that values be associated with these non-detects. For the pu11>oses of this 

study, such measurements were assigned a value equal to half the detection level. 

This step allowed non-detect samples to be used in a reasonable and 

consistent manner without distorting the basic findings: (1) the vast majority 

of all samples had detectable concentrations, with only 15 percent of all TCDD 

samples and 4 percent of TCDF samples reported as non-detects, (2) the ratio of 

detectable levels of TCDF to TCDD was fairly consistent from mill to mill, yet 

less than 4 percent of all the samples were reported as non-detects for both TCDD 

and TCDF, (3) every mill was found to have detectable levels of TCDD/TCDF in at 

least one of the export vectors. 

Setting non-detect values to half the detection level also represented a 

compromise between underestimation (assigning non-detect values to zero) and 

overestimation (assigning non-detect values to the detection level) of the 

unknown actual concentrations. 
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2.2 VARIABILITY IN DUPLICATE SAMPLE ANALYSES 

Approximately 30 percent of all the samples were classified as field sample 

duplicates or lab duplicate splits. Analysis of these duplicate samples for each 

matrix (effluent, pulp, and sludge) indicated excellent agreement between 

duplicate measurements of TCDD/TCDF concentrations. Most sample correlations 

between pairs of duplicate measurements were found to above 0.95. Consequently, 

the proportion of total variability in TCDD/TCDF levels that could be attributed 

to field sampling protocol or analytical technique was in all cases small 

relative to other sources of variation. In the worst case observed, analytical 

measurement error was still less than 12 percent of the total variability in TCDF 

concentrations. 

2.3 DETECTION LEVELS FOR NON-DETECTED MEASUREMENTS 

The reported detection levels for non-detected measurements of TCDD/TCDF 

demonstrate that the laboratories were capable of achieving the target detection 

levels of 10 parts per quadrillion (ppq) for effluent measurements. 

2.4 TOTAL MASS FORMATION ESTIMATES OF TCDD/TCDF 

By combining the TCDD/TCDF concentration data with mill production rates 

of pulp, sludge, and effluent, rates of TCDD/TCDF mass formation were computed 

for the export matrices at each mill. Estimates of the daily total mass output 

rates of TCDD/TCDF at U.S. bleached pulp mills were 0.004 lbs/day for TCDD and 

0.032 lbs/day for TCDF. Output rates for individual mills varied substantially; 

however, the per mill averages were 0.00005 lbs of TCDD and 0.00048 lbs of TCDF 

exported daily in pulp, sludge, and treated effluent. 

2.5 VARIABILITY IN PARTITIONING OF TCDD/TCDF TO DIFFERENT EXPORT MATRICES 

The relative amounts of TCDD/TCDF partitioned to pulp. sludge, or effluent 

vectors were not found to be consistent from mill to mill. but highly variable. 

While some mills partitioned less than 10 percent of their total TCDD/TCDF mass 

to effluent, effluent-based TCDD/TCDF accounted for more than 80 percent of the 
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exports at other mills. The variability in partitioning of pulp and sludge 

export vectors was similar . Among the least extreme cas·es (middle 50 percent 

of all mills), the relative percentage of TCDD/TCDF exported to specific matrices 

differed by more than 30 percent from mill to mill. 

2.6 DIFFERENCES DUE TO PULPING AND WASTEWATER TREATMENT 

Comparisons showed that significantly more TCDD/TCDF was exported at kraft 

mills than sulfite mills for each matrix type. Differences also emerged between 

wastewater treatment types Aerated Stabilization Basins (ASB) and Activated 

Sludge Wastewater Treatment (ACT). There was evidence that mills using ACT 

exported somewhat less effluent-based TCDD/TCDF mass on average and significantly 

more sludge-based TCDD/TCDF mass than mills using ASB systems . The difference 

in sludge exports can be partially attributed to the fact that ACT sludge samples 

in the 104 Mill Study consisted of combined primary and secondary sludges. Those 

from ASB systems consisted only of primary sludge. 

2.7 RELATIONSHIPS BETWEEN WASTEWATER TREATMENT AND TOTAL SUSPENDED SOLIDS 

Further investigation was made of the relationships between TCDD/TCDF mass 

exports in sludge and effluent vectors, wastewater treatment types, and levels 

of total suspended solids (TSS) from kraft mills. When ACT and ASB-type kraft 

mills were combined, a weakly correlated positive trend was observed between 

effluent TCDD/TCDF and TSS levels , and a weakly correlated negative trend was 

observed between TSS and sludge TCDD/TCDF. For kraft mills using only ACT 

treatment, higher TSS levels were associated with higher sludge-based TCDD/TCDF 

exports but lower effluent-based TCDD/TCDF exports. 

2.8 RELATIONSHIPS BETWEEN TCDD/TCDF FORMATION AND MILL OPERATING 

CHARACTERISTICS 

When the effects of mill bleaching procedures upon TCDD/TCDF formation in 

kraft mills were analyzed, correlations between mass export rates of TCDD/TCDF 

and a series of mill parameters, including application rates of bleaching and 

extraction chemical agents, were generally low. Consequently, linear regressions 
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of the TCDD/TCDF export rates fit to bleaching measures at each mill were found 

to be poor predictors of individual mill outputs. 

2.9 EFFECTS OF CHLORINE APPLICATION IN PRE-BLEACHING 

Significant positive trends were observed between average TCDD/TCDF 

formation in kraft mills and the rate of application of chlorine (Cl2 ) in the C­

Stage bleaching process. Greater chlorine usage was thus found to be 

statistically associated with higher formation rates of TCDD/TCDF. It was also 

found that increased substitution of chlorine dioxide for chlorine in the C­

Stage was correlated with slight reductions in TCDD/TCDF formation . Lack of 

chlorine dioxide use at high rates of substitution during the study sampling 

period precluded more detailed analysis of the impact of chlorine dioxide (Cl02 ) 

substitution. 

2.10 EFFECT OF THE CHLORINE MULTIPLE 

Variables measuring the chlorine multiple (also known as the Kapp~factor ) 

during C-stage bleaching were positively associated with TCDD/TCDF mass formation 

in kraft mills, though the resulting correlations were fairly weak . These 

results imply that on average, when accounting for lignin content, greater use 

of chlorine in the C-stage was linked weakly to higher formation of TCDD/TCDF. 

2.11 USE OF OXYGEN IN THE BLEACHING PROCESS 

Kraft m;lls that used oxygen delignification in the bleaching process 

exhibited somewhat lower rates of TCDD/TCDF formation than mills tnat did not 

use such methods. The same mills , however, also tended to have high substitution 

rates of Cl02 for Cl2 , so it is not clear whether the lower export rates of 

TCDD/TCDF observed at these mills wer e attributable to oxygen delignification, 

chlorine dioxide substitution, or some combination of both . 
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2.12 DIFFERENCES IN WOOD TYPES 

Larger amounts of chlorine were generally applied to softwood pulps than to 

hardwood pulps per ton of pulp processed in kraft mills, and the average Kappa 

numbers of softwood pulps were significantly highe - than those of hardwood pulps . 

These findings are consistent with known differences in bleaching practices for 

hardwood versus softwood pulps . 
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3. CHARACTERIZATION OF THE TCDD/TCDF CONCENTRATION DATA 

This section characterizes the laboratory data reported to the U. S . 

Environmental Protection Agency (EPA) concerning the concentration levels of 

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,7,8-tetrachlorodibenzofuran 

(TCDF) found in samples of pulp, sludge, and effluent collected as part of the 

104 Mill Study. The reported data were examined for distributional properties 

and skewness and fit to appropriate probability distributions . The sensitivi ty 

of subsequent analyses to non-detected measurements was assessed . Attempts were 

made to handle non-detected samples in a reasonable and consistent manner tha t 

would not distort the basic findings. 

After examining the raw concentrations, the appropriateness of fitting TCDD 

and TCDF values to separate lognormal distributions was investigated. Only 

detected concentration values were examined for distributional fit . 

Approximately 15 percent of all the TCDD analyses and 4 percent of the TCDF 

analyses were recorded as non-detects . The detection levels for these non­

detected measurements are summarized in Table 3-1. 

3 . 1 VARIABILITY IN DETECTION LEVELS 

The variation in detection level s reported for non-detects (Table 3-1) can 

be attributed to several sources . Reliable measurement of TCDD/TCDF levels is 

matrix-dependent, a fact reflected in the analytical detection level targets for 

effluent samples, which were different from the targets for pulp and sludge . 

In addition , the presence of other compounds can make identification of TCDD/ TCDF 

difficult without dilution of the sample, leading to detection levels that can 

be sample-specific. 

The Enseco-California Analytical Laboratory (CAL) and the Wright State 

University (WSU) lab each analyzed at least some samples from every matrix . 

Almost 80 percent of the pulp samples were analyzed at WSU, while 89 percent of 

the effluent samples and 81 percent of the sludge samples were handled by CAL . 

Since these laboratories used somewhat different clean-up and routine handling 
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TABLE 3-1 • DETECTION LEVELS FOR. NON-DETECT SAMPLES 

Pulp Non-petects (ppt) ~ I.W: 

N of Cases 39 11 
Minimum 0.100 0.100 
Maximum 4 . 900 6.800 
Mean 0.667 1. 218 
Standard Dev. 0 . 805 1. 880 
Median 0 . 500 0.800 

Slud&e Non-Detects (ppt) ~ mu: 
N of Cases 4 0 
Minimum 0 . 300 
Maximum 3 . 000 
Mean 1.650 
Standard Dev. 1.121 
Median 1.650 

Effluent Non-Detects Cppg) mm mf 

N of Cases 30 ll 
Minimum 3.000 2 . 100 
Maximum 17 . 000 10 . 000 
Mean 7.733 5.764 
Standard Dev. 2.789 2.458 
Median 7 . 500 5.800 
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procedures, it would be possible to expect different detection levels for samples 

of a given matrix, depending on which lab performed the analysis . 

Overall, the analytical objectives of the 104 Mill Study were generally 

met. Ninety-two percent of non-detect pulp samples had reported detection levels 

at or below the 1 part per trillion (ppt) target level established in the 

Agreement (3). All but four sludge samples had detectable concentrations of 

TCDD/TCDF. Of these four, one was below the target detection level. For 

effluent samples, the target level of 10 parts per quadrillion (ppq) was achieved 

in the analyses of 83 percent of the TCDD non-detects and 100 percent of the TCDF 

non-detects (Figures 3-1 and 3-2). 

3.2 FITTING OF DETECTED CONCENTRATIONS 

For the detected sample concentrations, graphical goodness of fit was done 

via lognormal probability plots (base 10 scale), matching the ordered 

concentration levels against the expected values of a lognormal distribution. 

\Jhen data are well-approximated by a lognol!Dal density. such plots closely 

resemble a straight line. Examination of the plots showed that the data were 

adequately fit by lognormal densities estimated separately for each export matrix 

of pulp, effluent, and sludge samples (plots are located in appendix B). 

As noted, only detected values were used to characterize the distributions 

of TCDD/TCDF concentrations within each matrix . Estimates for non-detects 

measurements, however, were needed for later stages of the analysis. To handle 

non-detects in a simple, consistent manner, non-detect values were assigned as 

half the reported detection level . 

Decision on the treatment of non-detected samples depends upon the purposes 

of the analysis and the specific nature of the data. In this case, over 96 

percent of all the quantitated samples in the 104 Mill Study exhibited detectable 

levels of either TCDD or TCDF, including at least one matrix export from every 

mill. Since the ratio of detectable levels of TCDF to TCDD was fairly consistent 

from mill to _mill, there was evidence that non-detected samples contained small 

positive concentrations of TCDD/TCDF. Setting non-detects to zero would tend 
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to underestimate the true concentrations of TCDD/TCDF . On the other hand, EPA 

has frequent l y assigned non-detects to their detection levels, since the 

detection levels provide an upper bound on the actual concentrations present in 

non-detected samples. 

Setting non-detects to half the detection level is an arbitrary choice , 

but has been used with environmental data to steer a "middle ground" between 

over - and underestimation of the unknown concentrations within non-detected 

samples (6,7). Since the proportion of non-detects among the total sample set 

was relatively small, the choice to set non-detects at half the detection level 

was also considered unlikely to seriously affect the final TCDD/TCDF mass 

l oadings computed at each paper mill. 

To illustrate this last point, Tables 3-2 and 3-3 present summary 

statistics of the TCDD/TCDF concentrations under different assumptions concerning 

the values of non-detects; the first section summarizes detected concentration 

values only, while the others report all TCDD/TCDF concentrations after setting 

non-detects equal to either half the detection level, zero , or the detection 

level. Some differences are apparent in the tables, particularly for pulp and · 

effluent TCDD samples at sulfite mills , but overall, the discrepancies were 

judged to be relatively minor when weighed against the precision of the data as 

a whole. 

In summary, the ·detected concentration values of TCDD/TCDF were found to 

be best approximated by lognormal distributions, which were estimated separately 

for each of the export matrices : pulp, sludge, and effluent. Non-detects were 

consistently assigned to half the detection level in all subsequent analyses. 
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TAIUZ 3-2. 

DEnCTPJ) SNti'I.ES miL! 

Lower Upper 902 
t1!ll1.! I! t1!!!! ill Hlnl- Mul- 2!!•1:tlle ~ OYer t-Ile Percentlh 

All s-.Le• 

Pulp (ppt) 179 10.44 12 . 115 0 . 400 116 .00 3 . 50 6 .00 14 . 00 23 . 00 
ltW 65 7 . 48 9 . 53 0 . 400 55 . 70 2 . 110 4 . 10 7. 70 17 . 00 
sw 100 12.02 14 . 73 0 . 500 116 . 00 4 . 12 7.60 14 . 75 26 . 90 

Sludae (pptl 114 86.32 169 . 43 0 . 400 1390 .00 10.63 34 . 00 96.50 188 . 00 
Effluent (ppql 103 68 .22 100 .110 3 . 100 640 .00 15 .00 30 .00 82.00 172 . 00 

l..raft s-.1•• 
Pulp (ppt) 173 10 . 46 13 .00 0.400 116 .00 3.55 6 .00 13.50 24 . 20 

HW 62 7.50 9 .68 0.400 55 . 70 2 . 80 4 . 00 7.70 17 . 00 
SW 98 12 . 11 14.86 0.500 116.00 4 . 17 7 .60 15 . 05 27 . 00 

Sludae (pptl 94 100.86 183.08 0 . 900 1390 .00 14 . 00 39 . 00 lOS . 25 203.00 
Effluent. (ppq) 90 75 . 115 105.67 3 . 100 640 .00 16 .00 35.00 95 .07 189 . 00 

Sulft t.e s-.tea 

N Pulp (ppt) 4 6.22 5 . 93 2 . 000 15 . 00 2 . 311 3 . 95 12 . 35 15 . 00 
~ IIW 3 7.13 6 . 92 2 .000 15 .00 2 . 00 4 . 40 1:5 . 00 15 . 00 

SW 1 3 .50 3 . 500 3.50 3 . 50 3.50 3 . 50 3 . 50 
Sludae (ppt) 111 13 . 22 16.61 0 . 400 511 . 00 3 . 42 4 . 75 15 .25 48 . 10 
Effluent. (ppq) 12 13.33 5. 71 4 . 500 23 .00 9 . 72 12.00 18.00 22 . 70 

- - DETI'£TS • 1/2 DET!CTI~ L!YD. 

Lower Upper 902 
H•trhi !! H!!!l ill Hlnl- !2!..!.!e!!! Q!!•[t.l h ~ Quertlle Percentlle 

All s-.Le• 

Pulp (ppt.) 217 8 . 66 12.29 0 .050 116 . 00 l. 90 4 . 70 11.00 21.00 
HW 114 5 . 84 8 .91 0 .050 55 . 70 0 . 70 3 .30 6 . 00 16 . 00 
SW 114 10.59 14.32 0. 100 116 . 00 3 . 20 6 . 30 13 . 25 25.50 

Sludse (pptl 118 83 . 42 167 . 23 0 . 150 1390 . 00 e. 11 32 .00 95 . 25 185 .60 
Effluent. (ppq) 133 53.70 92 .63 1.500 640 . 00 6 . 1:5 19 . 00 63.00 138 .00 

l.raft s-.L•• 

Pulp (ppl) 194 9.36 12 . 68 0.050 116 . 00 2 . 40 s. 15 12 . 00 22 .00 
HW 74 6 . 32 9.25 0 .050 55 . 70 l. 57 3 . 50 6.25 16 . 50 
SW 104 11.U 14 .68 0 . 250 116 . 00 3 . 92 6.50 14 . 00 26 . 50 

Sludse lpptl 97 97.77 181. 03 0 .700 1390 . 00 13 . 50 37 . 40 104 . so 197.00 
Effluent. (ppq) 107 64 . 47 100 . 34 1 .500 640 . 00 9 .20 24.00 81.00 164 .00 

Sulfite s-.h• 

Pulp (ppl) 18 1. 63 3 .56 0 . 100 15 . 00 ·0 . 15 0 . 30 ). 47 5 . 46 
HW 8 2 . 81 5. 15 0 100 15 . 00 0 . 16 0 . 32 3 . 80 n oo 
SW 8 0 . 82 1.14 0 150 3 . 50 0 19 0 . 32 I. 10 3 . 50 

•dse l ppt l 19 12 . 53 16 . 42 0 . 150 ' · 00 3 . 20 4 . 70 14 00 47 . 00 
1uent ( ppql 25 8 . 16 6 . 4l 2 . 100 00 3 . 21 4 . 50 12 00 20 20 



TABU 3-2. D!SallniVE STATISTICS rat ICilO O:a:O:DIIJIATIOIIS ((DITIIRJ!D) 

.. -Dr:nx:TS • 0 

lower Upper 90"' 
~ ! H!..!n ill Mtnl- t1!W!!!! Ouutilt ~ Ouert.llt Percent.ll• 

All s...,t .. 

Pulp (ppt.) 217 8 . 61 12 . 33 0 . 000 lU . OO 1. 90 4 . 10 11 . 00 21.00 
BW 84 ,_ 79 8 . 94 0 . 000 55. 70 0.10 3 . 30 6 . 00 16 . 00 
sw 114 10 . ss 14 . 35 0 .000 116 .00 3.20 6 . 30 13 . 25 25 . 50 

Sluda• (ppt.) 118 83 . 39 167 . 25 0.000 1390 .00 8. 77 32 .00 95 . 25 185 . 60 
Effluent. (ppq) 133 52.83 93 . 12 0.000 640 .00 5.75 19 .00 63.00 138 . 00 

llnft. S...,lte 

Pulp (ppt.) 194 9 . 33 12 . 70 0 . 000 116 .00 2 . 40 5 . 15 12 . 00 22 . 00 
IIW 74 6 . 28 9 . 28 0 . 000 ss . 70 1. 57 3 . 50 6 . 25 16 . so 
sw 104 11 . 41 14 . 70 0 . 000 116 .00 3 . 92 6 . 50 14 . 00 26 . 50 

Sluda• (ppt.) 97 97 . 74 181.05 0 . 000 1390 .00 13 . 50 37 . 40 104 . 50 197 . 00 
Effluent. (ppq) 107 63.80 100.76 0.000 640 .00 9.20 24 .00 81.00 164 . 00 

N 8ul1lt.e S...,l•• V> 

Pulp (ppt) 18 1. 38 3. 65 0 . 000 15.00 0 .00 0 . 00 o. so 5. 46 
BW e 2.67 5 . 23 0 .000 15 .00 0.00 0 . 00 3 . 80 15 .00 
sw e o.u 1. 24 0 .000 3 . 50 0.00 0 .00 0 . 00 3 . 50 

Sluda• (ppt) 19 12 . 53 16 . 42 0 . 000 58 .00 3 .20 4 . 70 14 . 00 47 . 00 
Effluent (ppq) 25 6 . 40 7 . 82 0 . 000 23 .00 0 . 00 0 . 00 12 . 00 20 . 20 

.. - DETICTS • DETI'.CTI<It UVI!L 

Lower Upper 90!! 
M•trh !! t!!.!n ill Mln\IIUD Hnl- Quut.llt ~ Ouutllt Pttctnt.llt 

All s...,t•• 
Pulp (ppt.) 217 8 . 71 12 . 26 0 . 100 116 .00 1.95 4 . 70 11 . 00 21.00 

BW 84 5. 89 8 . 88 0 . 100 55 . 70 1 .00 3 . 30 6 . 00 16 .00 
sw 114 10 . 64 14 . 28 0 . 200 116 .00 3.20 6 . 30 13 . 25 25 . so 

Sluda• (ppt) 118 83 . 45 167 . 22 0 . 300 1390 .00 8 . 77 32 .00 95 . 25 185 . 60 
Effluent (ppq) 133 54 .58 92 . 18 3.000 640 .00 e. 75 19 . 00 63.00 138 . 00 

~.cart. s...,t•• 
Pulp (ppt.) 194 9 . 39 12 . 66 0 . 100 116 .00 2.40 5 . 15 12 . 00 22 .00 

HW 74 6 . 35 9 . 23 0 . 100 55 . 70 1. 57 3 . 50 6 . 25 16 . 50 
SW 104 11 . 45 14 . 67 0 . 500 116 .00 3 . 92 6 . 50 14 .00 26 . 50 

Sluda• <ppt) 97 97 . 81 181.01 0 . 900 1390 .00 13 . 50 37 . 40 104 so 197 .00 
Effluent (ppq) 107 65 . 15 99 . 95 3 .000 640 .00 11 . 00 24 . 00 81. 00 164 .00 

Su1Ut.• s...,1•• 

Pulp (ppt) 18 1. 88 3 . 49 0 . 200 15 . 00 0 .30 0 . 60 2 IS 5. 46 
HW 8 2 . 95 5 . 07 0 . 200 15. 00 0.32 0 . 6S 3 80 15 00 
sw 8 1. 20 1.19 0 . 300 3 so 0 . 37 0 . 65 2 . 20 J . SO 

Siuda• Cpptl 19 12 . 54 16 . 41 0.300 S8 . 00 l 20 4 70 14 . 00 47 00 



TABL! 3-3. 

DD'ICTED SAHPL!S OILT 

Lower Upper 90~ 
Hatrlx !! Mean ~ Htni- !1!!.!.e!!! 2\!•[tlle Median Ountt le f'ercentt l e 

All S~~~plea 

Pulp (ppt) 206 89.53 251 . 14 0 .600 2620.00 5.67 19 . 50 60.22 16~ . 20 
HW 79 55.83 123.24 0.800 661.00 4.10 15 . 00 49 . 00 108 . 00 
SW 108 117 . 69 326 . 52 0 . 600 2620.00 6 . 32 22 . 50 64 . 21 230 . 60 

Studs• (pptl 115 697 . 73 2012 . 20 0.700 17100 .00 3~ . 50 107 .00 624.00 1582 .00 
Ef!luent (ppql 127 412.30 1108 . 94 2.800 8400 . 00 36 .00 82 .00 320.00 864 .00 

haft S~~~plea 

Pulp (ppt) 187 89 . 58 259.27 0.600 2620 .00 6 . 80 21 . 00 59.00 148 . 20 
HW 72 56 .08 124.43 0.800 661 .00 5 . 32 17 .50 49 . 75 107.10 
sw 99 117 . 98 337.06 0 . 700 2620 .00 7. 30 26.00 63 90 185 . 00 

Sludaa (pptl 97 796 . 45 2174 . 35 2 . 400 17100.00 35.10 161 .00 6 75 . 50 1728 . 00 
Effluent (ppql 104 476.19 1214 .02 4.200 8400 .00 42.25 98 .00 359 . 75 1150 .00 

Sulflt.e S~~~plaa 

N Pulp (ppt) 14 89 . 36 166 .95 1.100 449 .00 2.70 6 . 35 100 . 25 429.00 

"' HW 5 13 . 42 139.82 1 .100 323 . 00 4 . 10 9 .90 174 . 50 323.00 
SW 7 125 . 43 207. 71 1 .400 449.00 2 . 10 6 . 30 409 . 00 449 .00 

Sluds• <ppt) 16 98 .63 143.34 0 . 700 584 .00 26 . 75 63 .00 85 . 75 350.20 
Eftluent. (ppq) 21 112 . 26 194.37 2 .800 840 .00 16 .00 35 .00 120 . 00 376 .00 

- - DETI'.CTS • 1/2 D!l'!CTI~ L!VEL 

Lower Upper 90.!! 
Matrix !! H!.!!l ~ !lli!.!!!!:!!! ~ 2\!art.t l• tl!£!!.!n Ouertt le f'e r centt le 

All s....,l•• 

Pulp (pptl 216 85.40 245.95 0.050 2620 .00 4 . 22 18.00 58 . 50 154.20 
HW 84 52 .52 120 . 20 0 . 150 661 .00 3.13 14 . 50 46 . 50 106.50 
SW 113 112 . 50 320.07 0 . 050 2620.00 5.55 19.00 61.4 5 207 . 20 

Sludse (pptl 115 697 . 73 2012 . 20 0 . 700 17100 . 00 34.50 107 . 00 624 .00 1582 .00 
Effluent (ppql 138 379 . 66 1069.30 1.050 8400.00 26.00 69.50 312 .50 841.00 

haft. S111plea 

Pulp (ppt) 192 87.26 256.25 0 .350 2620.00 5 . 70 20 . 00 59.00 1H . 90 
HW 74 54.58 123.05 0 .350 661.00 3.97 15 . 50 49 . 25 106.50 
SW 102 114. 52 332 .62 0 . 400 2620 .00 6 .52 22 . 50 60 . 22 176 .60 

Sludae ( pptl 97 796.45 2174 .35 2 . 400 17100 .00 35 . 10 161. 00 675 . 50 1728.00 
Effluent (ppq) 111 446.39 1180 .41 2.750 8400 .00 37 . 00 82.00 340 .00 1064.00 

Sulflt.e S~~~plea 

Pulp (pptl 19 65.90 147 . 50 0 . 050 449 .00 •0. 45 3 . 10 9 .90 409 . 00 
HW 8 45 .99 112.21 0 . 150 323 . 00 0.30 4 . 10 21.97 323.00 
SW 9 97 . 58 188 . 18 0 . 050 449 . 00 0 . 77 3 . 80 201 . 70 449 .00 

"luds• (ppt) 16 98 .63 143.34 0 . 700 ')84 . 00 26. 15 63 .00 8~ . 75 350 . 20 
'luent (ppql 25 94 . 55 182.20 1 . 050 0.00 6 .00 29 . 00 91 .00 328 .00 



YAIIL! 3- 3. D!SCIUnnl SYAYISYICS Fall !alP U.:DIIlArlmiS (CDil'ltruED) 

--DEYP.CYS - 0 

Lower Upper 902 
tw:..tl! ! t!!.!!l w Htnt- ~ Ouert.tl! Hedhn Quartile PercentUe 

AlL s-.Lea 

Pulp (ppt) 216 85 . 38 245 . 96 0 . 000 2620 . 00 4 .22 18 .00 58 . 50 154 .20 
HW 84 52.50 120 .21 0.000 661.00 3 . 13 14 . 50 46 . 50 106 . 50 
sw 113 112 . 48 320 .08 0 . 000 2620 . 00 5 . 55 19 .00 61.45 207 .20 

Sluda• (ppt.) 115 697 . 73 2012 . 20 0 .700 17100 . 00 34 . 50 107 .00 624 .00 1582 . 00 
lffluent. (ppq) 131 379 . 43 1069 . 38 0 . 000 8400 . 00 26.00 69 . 50 312 . 50 1141.00 

Knft. a-plea 

Pulp (ppt.) 192 87 .25 256 . 25 0 .000 2620 .00 5. 70 20 .00 59 . 00 144 . 90 
HW 74 54 . 57 123 . 05 0 .000 661 .00 3.97 15 . 50 49 . 25 106 . 50 
sw 102 114 . 51 332 . 62 0.000 2620 .00 6 . 52 22 . 50 60 . 22 176 .60 

Sludae (ppt.) 97 796 . 45 2174 . 35 2 . 400 17100.00 35 .10 161.00 675 . 50 1128 . 00 
!Uluent. (ppq) 111 446 . 16 1180 . 50 0 .000 8400 .00 37 .00 82.00 340 . 00 1064 . 00 

lulftt.e s-pl• 
N ...... Pulp (ppt.) 19 65 . 85 147.53 0 .000 449 . 00 0 .00 3.10 9 . 90 409 .00 

HW I 45.89 112.32 0.000 323 .00 0.00 4 . 10 21.97 323 .00 
sw ' 97.56 188 . 19 0 .000 449 . 00 0.70 3 .80 207 . 70 449.00 

Sluda• (ppt.) 16 98 . 63 143 . 34 0 . 700 5114 . 00 26 . 75 63 . 00 115.75 350 .20 
Effluent. (ppq) 25 94 . 30 1112 . 34 0 .000 840 . 00 6.00 29 . 00 91 .00 328.00 

--DETICI'S - DntrriO. lZ9IL 

Lower Upper 90.!! 

t1!l:1ll ! H .. n ~ tU.n1!!!!!! H!W!!!!!I Quut.ilt Median Ouart.tla Percent.! le 

All s-.1•• 
Pulp (ppt.) 216 85 . 41 245 . 95 0 . 100 2620 . 00 4 . 22 18 . 00 58 . 50 n4 . 2o 

HW 84 52 . 54 120 . 19 0 . 300 661.00 3 . 13 14 . 50 46 . 50 106 . 50 
SW 113 112 . 51 320 . 06 0 . 100 2620 .00 5 . 55 19 . 00 61.45 207 .20 

Sluda• (ppt.) 115 697 . 73 2012 . 20 0 . 100 17100 .00 34.50 107 . 00 624 . 00 15112 .00 
Effluent. (ppq) 138 379 . 119 1069 . 22 2 . 100 8400 .00 26 . 00 69 . 50 312.50 841 .00 

lraft. S.-plae 

Pulp (ppt.) 192 87 . 27 256 . 25 0.600 2620.00 5. 70 20 .00 59 . 00 144 . 90 

HW 74 54 . 59 123 . 04 0 . 700 661 ()() 3 . 97 n . 5o 49 . 25 106 . 50 
SW 102 114 . 54 332 . 61 0 . 700 2620 ' ' "' 6 . 52 22 . 50 60.22 176 .60 

Siuda• (ppt) 97 796 . 4 5 2174 . 35 2 . 400 17100 .00 35 . 10 161 00 675 50 1728 00 
[{{luant. (ppq) Ill 446 . 62 1180 . 32 4 .200 8400 .00 37 .00 82 . 00 340 .00 1064 ,00 

Sulfite S.-plea 

Pu lp (ppt.) 19 65 . 96 147 . 48 0 . 100 449 ,00 0 . 90 3 10 9 90 409 00 

IIW 8 46 . 10 112 . 22 0 300 323.00 0 .60 4 10 21 97 323 00 
SW 9 97 60 188 I 7 0 . 100 449 00 0 .85 3 60 207 /() 449 00 

Siuda• (pptl 16 98 63 143 . 34 0 100 584 00 26 H 63 00 8~ 7 5 3~0 20 
[(fluent. <ppql 25 94 . 81 182 . 06 2 . 100 840 00 6 .25 29 00 91 00 328 00 



4. ANALYSIS OF FIELD AND LAB DUPLICATE SAMPLES 

Section 4 examines the variability in measurements of 2,3,7,8-

tetrachlorodibenzo·p·dioxin (TCDD) and 2 ,3,7,8- tetrachlorodibenzofuran (TCDF) 

reported for sets of duplicate samples. Concentration values for duplicate 

measurements were plotted against each other to assess the degree of agreement , 

and the total variability in duplicate samples was analyzed to determine what 

fraction could be attributed to measurement error or differences in sampling and 

analytical protocols. 

The fact 'that the distributions of TGDD/ TGDF concentration values could 

be analyzed as approximately lognormal was important in two ways : to concretely 

characterize the data from the 104 Mill Study and to analyze the variability in 

TGDD/TCDF concentrations attributable to duplicate field sampling or repeated 

laboratory tests. Of the 500 samples of pulp, sludge, and effluent from this 

study , close to 150 (30 percent) were classified as field sample duplicates or 

lab duplicate splits . 

The variation in TCDD/TCDF measurements among duplicate samples was 

evaluated since a single value repres enting the TCDD/TCDF concentration of each 

composite sample was needed to compute the TCDD/TCDF mass exports linked to the 

bleach lines at each pulp mill. Since the variability among duplicates was found 

to be relatively small, the TCDD/TCDF concentration values from duplicate 

analyses were averaged, first setting any non-detected values to half of the 

reported detection level . 

4.1 CORRELATIONS BETWEEN DUPLICATE PAIRS 

Figures 4·1 through 4-12 (located at the end of this section) plot the 

concentration values of TCDD/TCDF f or all pairs of field and lab duplicate 

samples, subdivided by matrix into pulp, sludge, and effluent. The dashed line 

on each plot represents the region of perfect agreement between duplicate 

measurements. Non-detected samples were assigned a concentration value of half 

the reported detection level. 
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For purposes of estimating the approximate variability in each scatterplot , 

particularly the variability orthogonal to the dashed 45 ·degree line, a 95 

percent confidence ellipsoid is also shown. For data that are approximately 

bivariate normal in distribution, only 5 percent of the data pairs would be 

expected to fall outside the ellipsoid (since the data are plotted on a log 

scale, the assumption of bivariate normality is not unreasonable given the 

goodness of fit results described in section 3 . 2). The widths of the confidence 

ellipsoids for lab versus field duplicates or between different export matrices 

roughly indicate the relative agreement between duplicate pairs in each case . 

In general, both types of duplicate pairs (lab and field) show very close 

agreement . Few points indicate any signifi cant discrepancy between the measured 

TCDD/TCDF concentration levels, although three of the plots involving l ab 

duplicate pairs deserve special notice . In Figure 4-4 , two pairs of TCDF pul p 

samples are more discrepant than the rest, both pairs came from the Champion 

International mill at Cantonment, Florida. In Figure 4-7, three pairs of TCDD 

sludge samples stand out; all three were collected from sulfite mills. The 

laboratories that conducted the analyses noted that producing reliable results 

was much more difficult for samples from sulfite mills than those from kraft 

mills. 

In addition, the three sample pairs of TCDF effluent duplicates in Figure 

4-12 show less agreement than the others. Two of the pairs came from the 

Champion International kraft mill in Houston, Texas; the other pair was collected 

at the Wausau sulfite mill in Brokaw, Wisconsin. 

The relative agreement between lab duplicates is of particular interest , 

since repeated laboratory measurements on the same samples provide an estimate 

of the variability in concentration levels due to analytical measurement error . 

Though the variability in field duplicates necessarily contains components due 

to field sampling protocol and to analytical measurement difference, very few 

samples were labeled as both field duplicates ADQ lab splits, so the variability 

of lab duplicates in this study cannot be assumed to be "contained" within the 

variability of field duplicates. 
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To support the visual impressions provided by the plots of duplicate pairs, 

Table 4-1 provides the Pearson correlation coefficients between the various types 

of field and lab duplicates, subdivided by matrix (pulp, sludge, and effluent) 

and pulping process (kraft and sulfite). The correlations were computed on the 

logged data to correspond with the above plots. Except for TCDD measurements 

computed for sulfite mill lab duplicates, this measure indicated very strong 

agreement between either field duplicate or lab duplicate pairs. 

Figures 4-13 to 4-16 (located at: the end of this section) illustrate the 

differences between TCDD/TCDF effluent pairs taken from kraft versus sulfite 

mills. While almost 90 percent: of the kraft sample pairs (22 of 25) show very 

good agreement, at least 40 percent of the sulfite pairs (4 of 10) indicate 

significant discrepancy between the duplicate analyses. These findings suggest 

that: samples collected from sulfite mills were more difficult to analyze than 

counterparts collected from kraft mills. 

4.2 ANALYSIS OF DUPLICATE SAMPLE VARIABILITY 

A formal analysis of variance (ANOVA) was also performed to determine the 

proportion of variability in TCDD/TCDF concentrations attributable directly to 

field sampling technique or analytical protocol. The objective of an ANOVA is 

to examine the total variation in a set of measurements and then partition the 

overall variability into smaller components representing different sources of 

error. Since the overall variation is known, the partitioning allows one to 

weigh each particular source of error relative to the total and hence, to rank 

the sources of error in degree of importance. 

Although many sources of varia tion can be attributed to the TCDD/TCDF 

concentration data, components result i ng from field sampling and analytical error 

were of primary concern. One source of variability that could not be measured 

was the potential difference between the two laboratories performing the 

analytical work. In only a couple cases were duplicate samples "split across 

labs" before analysis; hence, all members of a duplicate set were generally 

analyzed by the same lab. Consequently, variability attributed to repeated lab 

measurement comprise.s "within lab" di fferences only. 
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TABLE 4-1. PEAltSON COU!LATIONS BE'N!EN DUPLICATE PAIRS 

TCDD TCDF 
Field Duplicates H Correlation H Correlation 

Pulp 20 . 952 21 . 982 
Sludge 9 . 988 10 . 987 
Effluent 12 . 985 13 .982 

Kraft 11 .989 12 . 982 
Sulfite 1 1 

Lab Duplicates 

Pulp 19 . 994 16 . 950 
Sludge 21 .945 19 . 989 
Effluent 17 .967 18 .874 

Kraft 12 .983 13 .886 
Sulfite 5 .735 5 . 897 

Note: Correlations were computed between pairs of logged 
concentration values. 
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Tables 4-2 and 4-3 provide a breakdown of the components of total variation 

in TCDD/TCDF concentration values for field and lab duplicates within each 

matrix. For each matrix, the total sum of squared deviations (SS) from the 

overall mean was divided mathematically into two smaller sums of squares. The 

first sum of squares (SSl) was formed by calculating the average concentration 

value of each set of duplicate samples and then computing the squared deviations 

of the duplicate set means from the overall matrix mean . Conceptual l y, SSl 

represents the variation due to differences between average TCDD/TCDF values of 

various duplicate sets . 

The second sum of squares (SS2) was formed by computing the deviations of 

individual samples from the average concentration level within e~ch duplicate 

set and then summing across all duplicate sets within the specific matrix. The 

second sum of squares is of particular interest since it represents an estimate 

of the variability due to differences between samples within duplicate sets and 

hence, is a measure of the analytical measurement error (Table 4-2) or field 

sampling error (Table 4-3) encountered during the 104 Mill Study . 

It is important to realize that the two component sums of squares add up 

to the total variation, so that SS - SSl + SS2. In this context , one can judge 

whether the percentage of the total var iation due to field sampling or analytical 

measurement error (SS2 percent) is large compared with all other sources of 

variation, which are lumped together in SSl percent. 

For the cases in Tables 4-2 and 4-3, if one considers the variability 

resulting from_ "within duplicate set differences", with the exception of one 

case, less than six percent of the total variation can be attributed to 

differences in either field sampling or laboratory analysis. Consistent with 

the previous analyses, it can be fairly concluded that a minor portion of the 

variance in TCDD/TCDF concentrations is attributable to field sampling protocol 

or analytical measurement. Averaging the concentration values within duplicate 

sets to form a single value for subsequent analysis appears to be justified. 

The exceptional case involves effluent lab duplicates for TCDF where 12 

percent of the total variation can be attributed ·to differences between 
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TA.BL! 4-2. ANOVA TABLE FOR LAB Dt7PUCATES 

Matrix li ill ill ~ 

Pulp 
Log10 (TCDD) 32 11.528 99.5 0.055 0.5 
Log10 (TCDF) 29 20.572 96 .8 0.678 3.2 

Sludge 
Log10 (TCDD) 31 21.083 94.2 1.300 5 .8 
Log10(TCDF) 27 19.089 99.1 0.167 0.9 

Effluent 
Log10 (TCDD) 25 10.001 97.5 0.256 2 . 5 
Log10 (TCDF) 27 13.886 88.3 1.845 11.7 

SSl- Between Duplicate Set Sum of Squares - Within each matrix , 
the deviations of duplicate set means from the overall 
matrix mean 

SS2- Within Duplicate Set Sum of Squares - Deviations of 
individual samples from their respective duplicate set 
means 

SS- Total Sum of Squares · Equal to SSl + SS2 

SSl% - (SSl/SS)*l OO 

SS2% - (SS2/SS)*l00 
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TABLE 4-3. ANOVA TABLE FOR FIELD DUPLICATES 

Matrix N llll ill SS2% 

Pulp 
Log10 (TCDD) 37 9.562 97.7 0.224 2.3 
Log10 (TCDF) 39 17.971 98.9 0.207 1.1 

Sludge 
Lo g10 ( TCDO) 15 5.027 99.0 0.050 1.0 
Log10(TCDF) 17 8.791 99.3 0 . 062 0.7 

Effluent 
Log10 (TCDD) 21 5.016 99.1 0.043 0.9 
Log10 (TCDF) 23 6 .688 98.8 0.078 1.2 

SSl• Between Duplicate Set Sum of Squares - Within each matrix , 
the deviations of duplicate set means from the overall 
matrix mean 

SS2- Within Duplicate Set Sum of Squares - Deviations of 
individual samples from their respective duplicate set 
means 

SS• Total Sum of Squares • Equal to SSl + SS2 

SSl% - (SSl/SS)*lOO 

SS2X - (SS2/SS)*l00 
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analytical measurements within duplicate sets. While this fraction does not 

appear to be unreasonably large, it is twice as high as any of the other cases, 

including the corresponding SS2 percentage for effluent TCDD lab samples . As 

was noted in Figure 4-12, this finding can be attributed to measurement 

differences from only 3 of 18 pairs of effluent samples; the remaining duplicates 

appear to be in very close agreement . 

35 



ell ~ 
~ 

0 . 

~ ~ 0 

< 0~ 
f-o. u 0 

0. Q.. 

looooC ~ 
Q.. 

....J .,... c ·-Cl.c ~ c 
::J ~- .!2 

I 0 ... ..,. 0 0 .,... eo 
'"' g.) 0 ... c.: 

~ c 
::> 0 u 4.) 

0 E- 0. (,) - .....J .,... c 
"' 0 

~ u 
looooC ~ 0 
~ ...... 0 

0 u 
Cl.c f-o 
.....J 0 

::J 
.,... 
0. 

~ 
0 

.,... 
0 0 0 0 0 0 - ~-0 0 0 0 0 - 0 
0 0 0 ~ - 0 0 0 

= = = - = = = 0 0 -0 -
~dd U! UOH1UlUQ~UO:> QQ:>~ 

36 



w ...., 

10000.000 

1000.000 
...... 
~ 
~ 

100.000 
~ ·-
~ 
0 

10.000 ·-.... .. ... .... 
~ 
u 

1.000 (,) 

~ 
0 
u 
~ 0.100 Q 
u 
...... 

0.010 

0.001 

FIGURE 4- 2 

PULP FIELD DUPLICATES 
TCDF 

/ 

/ 

o~O \ 0~ \0 o.\ oO \ ~oo \ o.oo(\ oo~O~ooo .O~~ooO~oO 

TCDF l vncentration in PP'f 



FIGURE 4- 3 
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FIGURE 4- 4 
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FIGURE 4-7 
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5. PARTITIONING OF TCDD/TCDF MASSES INTO EXPORT MATRICES 

After analyzing the duplicate lab and field samples, average 2, 3 , 7, 8 · 

tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,7,8-tetrachlorodibenzofuran (TCDF) 

concentration values were computed for each set of duplicates. These average 

values were then grouped with non-duplicate samples to produce a modified da t a 

set consisting of a single pulp concentration value for each bleach line and 

single sludge and effluent concentrations at any given mill (non-detects being 

set to half the reported detection level). The goal in this section was to use 

the modified concentration data to compute estimates of the actual mass formation 

rates of TCDD/TCDF for each paper mill and then to characterize how the TCDD/TCDF 

masses were partitioned into the exported vectors of pulp, sludge, and effluent. 

Mass output rates were produced because an estimate of the total amount 

of TCDD/TCDF generated at each mill could not be made using concentration data 

alone, since the output flow rates of pulp, sludge, and effluent products varied 

greatly from mill to mill. The calculations involved multiplication of t he 

concentration level of each pulp, sludge, or effluent sample by the corresponding 

mass output rate reported for that export vector. 

Since the pulp, sludge, and effluent outflow rates were reported i n 

different units, appropriate conversion factors were used as necessary to 

standardize each mass rate . Total mass export rates of TCDD/TCDF are reported 

in either lbs/day or lbs/ton Air-dried Brownstock Pulp (ADBSP). The latter rate 

represents the total output per day divided by the pulp production rate and 

hence, provides a mass output that is standardized for the size of the mill . 

(All tables and figures for section 5 are located after the text.) 

5.1 VARIABILITY ACROSS EXPORT VECTORS 

Tables 5-l through 5-4 provide relevant descriptive statistics of the mass 

export rates for TCDD and TCDF, including the number of mills, the mean and 

standard ' deviation, the minimum and maximum, the median and upper and lower 

quartiles, and the 90th percentile of the mass rate distributions. For each 
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matrix and analyte, probability plots (appendix B) indicated that the TCDD/TCDF 

mass distributions could be approximated as lognormal. The tables provide 

corresponding statistics for the percentage of the total output at each mill 

attributable to each export matrix (pulp, sludge, and effluent). The same 

statistics were also recomputed after the mills were subdivided by pulping 

process (kraft and sulfite) and wastewater treatment (Activated Sludge Wastewater 

Treat~ent [ACT] and Aerated Stabilization Basins [ASB]). 

One of the most apparent findings of these tables is the tremendous 

variability exhibited from mill to mill within each matrix. Figures 5-l through 

5-4 provide boxplots illustrating the range of variability from different 

perspectives . The first two figures represent the percentage of total TCDD/ TCDF 

output partitioned to each matrix . Each boxplot was constructed so that the top 

and bottom edges of the box represent the lower and upper quartiles of the 

distribution of percentages taken across all mills, while the line dividing the 

box in two is the median. The two "whiskers" extending from the edges of the 

box mark a range covering the middle 95 percent of all the data points. 

Figures 5-3 and 5-4 represent the distributions of TCDD/TCDF mass formation 

adjusted for the pulp production rate at each mill (lbsjton ADBSP). In either 

case, it is clear that some mills partition much more of their TCDD/TCDF mass 

to one matrix than the others and that the pattern is not consistent from mill 

to mill. 

5.2 KRAFT VERSUS SULFITE MILLS 

To test the significance of the differences between kraft and sulfite mills 

suggested in Tables 5-l and 5-3, two- sample t·tests were run on the logged 

observations of TCDD/TCDF exports: one set for the unadjusted mass rates 

(lbs/day) and one for the mass rates adjusted by the mill-specific pulp 

production rate (lbsjton ADBSP) . The results are summarized in Table 5-5. 

Since the TCDOjTCDF mass export rates followed approximate lognormal 

distributions, comparison of these variables was made on the log scale in order 

to make inferences concerning the t·test as valid as possible. Such inferences 

are generally valid when the tested data have been sampled from a normal 
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distribution, but not necessarily in other cases. An important consequence of 

using the logged data is that comparing arithmetic means on the log scale i ~ 

equivalent to comparing the ieometric means of the mass export rates on the 

original scale. When data follow an exact lognormal distribution the geometric 

mean is equivalent to the median. Therefore, the comparison presented here is 

approximately one between the medians of the original data, which have been 

listed beside the corresponding means of the logged data in Table 5-S. For 

highly skewed data, such as that encountered in the 104 Mill Study, medians 

actually provide a better impression of the bulk of the sample since the effect 

of outlying points on the median is minimal. 

Several points should be kept in mind when interpreting the results of 

these significance tests. !-tests are designed to indicate how likely it is that 

an observed mean difference between two groups of sample data reflects an actual 

difference between the overall means of the populations from which the samples 

were taken . The p-value is one measure of this likelihood and represents the 

probability that if the study were repeated from scratch and a new set of 

measurements pro.cured, one would observe ·a difference between the samples at 

least as great as the difference already observed, asswnini that no r eal 

difference was expected. Low p-values suggest that real differences between the 

two groups probably exist (i.e . , that the observed differences are statistically 

significant) . 

When comparing the mass rates that are unadjusted for mill-specific pulp 

production rates (lbs/day), the p-values of Table S-5 indicate that significantly 

more TCDD/TCDF was exported at kraft mills than sulfite mills when considered 

on a total basis and for each export matrix separately. 

When the adjusted mass rates (lbs/ton ADBSP) were compared, the results 

changed only slightly: significantly more TCDD/TCDF mass was exported at kraft 

mills than sulfite mills for pulp and effluent vectors and for all exports 

combined. However, the difference between kraft and sulfite mills with respect 

to TCDD/TCDF in sludge was not found to be statistically significant. 

Nevertheless, in the sample data, kraft mills tended to export more sludge-

54 



based TCDD/TCDF on average than their sulfite counterparts. 

5 . 3 ACT VERSUS ASB WASTEWATER TREATMENTS 

To interpret the main findings of Tables 5-2 and 5-4 with regard to 

wastewater treatment differences , Figures 5-5 through 5-8 provide boxpl ots of 

the TCDD/TCDF output rates showing the percentage of total output attributable 

to sludge or effluent vectors, classified by wastewater treatment type. 

The boxplots illustrate that the percentages of total TCDD/TCDF output to 

sludge and effluent vectors were highly variable from mill to mill; however, 

there was a consistent tendency for the median percentage of TCDD/ TCDF outflow 

to sludge to be much higher for ACT than ASB, and the corresponding percentage 

of outflow to effluent to be lower. The same differences between treat.ment types 

were exhibited by kraft mills considered separately; among sulfite mills, only 

one with usable data employed ASB-type waste treatment, so a similar comparison 

was not feasible. 

In part, the pattern exhibited in Fi gures 5-5 through 5-8 with kraft and 

sulfite mills combined is probably attributable to the limitations of the data . 

Sludge samples taken from ACT treatment systems consisted of both primary and 

secondary sludges, while those collected from ASB facilities only comprised 

primary sludge . Had representative secondary sludges from ASB·type treatment 

systems been obtainable, the estimated sludge-based TCDD/TCDF mass exports for 

ASB mills would have probably been higher than observed. Since the overall 

TCDD/TCDF mass rates would also be higher, this would have simultaneously raised 

the percent of total TCDD/TCDF output typically attributable to sludge and 

lowered the percent of total TCDD/TCDF out put attributable to effluent , making 

the observed differences between ACT and ASB treatments less dramatic. 

Figures 5-9 through 5-12 provide boxplots of the effluent and sludge 

TCDD/TCDF mass export rates (in lbsjton ADBSP) on a logarithmic scale, subdivided 

by type of waste treatment. When considered on a mass rate basis instead of a 

percentage of total output, sludge-based TCDD/TCDF again appears to be 

significantly higher on average at ACT mills than ASB mills. How much of this 
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difference is due to the different nature of the sampled ACT sludges versus ASB 

sludges can not be estimated. 

Sampled effluents from t he 104 Mill Study should be more directly 

comparable, and in this case, the export rates of effluent-based TCDD/TCDF tended 

to be somewhat higher at ASB mills than ACT mills, though not in every 

comparison. Median effluent TCDD exports were slightly higher for ASB mills than 

ACT mills, but the reverse was t rue for effluent TCDF exports. In both cases, 

however, the lower and upper quartiles were larger for the set of ASB mi lls , 

suggesting that the middle 50 percent of ASB mills tended to export more effluent 

TCDD/TCDF than the middle 50 percent of ACT mills. 

T- tests calculated on the logged TCDD/TCDF mass export rates partially 

confirmed the visual impressions of Figures 5-9 to 5-12 (Table S-6). Considered 

on the basis of production-adj usted mass export rates ( lbsjton ADBSP), no 

significant differences at the 5 percent level were found between the median 

effluent export rates of ACT versus ASB mills. However, mills with ACT-type 

waste treatment exported significantly more TCDD/TCDF in sludge vectors than 

mills with ASB-type treatment. The same results were echoed by kraft mills 

considered separately. It shoul d also be noted that the results were somewhat 

different when considering unadjusted TCDD/TCDF mass output rates (lbs/day). 

In that case, significantly more effluent TCDD was exported by ASS-type waste 

treatments than ACT-type treatments; the same was not true for effluent TCDF or 

for kraft mills considered separ ately. 

5.4 OVERALL PARTITIONING OF TCDD/TCDF 

Pie charts representing the overall partitioning of TCDD/TCDF into pulp , 

sludge, and effluent are present ed in Figures 5-13 to 5-16. To construct each 

pie chart , total TCDD/TCDF mass exports (lbsjday) were summed across all mills 

for each matrix, and the percentage of the total exported to pulp , sludge , or 

effluent is shown on the chart. Similar pie charts were also constructed for 

kraft and sulfite mills consider ed separately . These pie charts indicate 
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the estimated total daily outputs of TCDD/TCDF poundage for all U.S. bleached 

pulp mills that had usable data. 

To accompany the pie charts, Tables S-7 and S-8 present the total mass 

outputs of TCDD/TCDF summed across all kraft or sulfite mills, the corresponding 

average output per mill, and the percentage of the total summed output exported 

to pulp, sludge , or effluent vectors. The two tables differ in that the firs t 

provides total outputs without adjustment for the pulp production rate at each 

mill, while the second sums the output of each mill after dividing first by t he 

pulp production rate, to normalize for mill size. 

TCDD/TCDF outputs for kraft mills were considerably larger on any basis 

than the outputs for sulfite mills . However , kraft and sulfite mills exhibited 

similar patterns of the percentages of total output partitioned to different 

matrices. With one exception (TCDD out put at sulfite mills), the largest 

fraction of TCDD/TCDF mass output was par titioned to pulp, being more than 50 

percent for TCDF exports from sulfite mills. 

Considering the total estimated mass outputs of TCDD/TCDF for all matrices 

combined, these data suggest combined production totals of close to 0. 004 lbs/day 

of TCDD and 0.032 lbsjday of TCDF at U.S. b leached pulp mills. Estimates of the 

per mill averages were close to 0.00005 lbs/day for TCDD and 0.00048 lbs/day for 

TCDF; however, substantial variation in the TCDD/TCDF mass exports was exhibited 

from mill to mill. 
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YAIILB 5-l. DESCRIPTIVE S1'AfiS1'ICS l'al 1CDO 

Lower Upper 90~ 
!COO E!J>()rta !! t!!!!l ~ t1!..!!..!.!m!! ~ Quartile l:1!.!!!.!il Quarti le Percentile 

All S...,l•• 

TCOO ln Pulp (lbe/dey)*10' 101 15.75 22 . 08 0 .072 140.80 1. 36 8.86 19.20 45.02 
TCOO ln Sludae (lbe/dey)*10' 99 13.38 34.54 0.000 240.30 0.45 8.86 7.01 34.05 
TCPD ln Etfluent (lbe/day)*10° 97 12.07 20.93 0. 094 123 . 40 0.99 4 .30 14.13 30.11 
Total TCDD (lbe/day)*10° 95 42.18 61.33 0. 507 374. 00 5.92 18.60 49.47 115.24 

TCDD ln Pulp (lbe/ton ADBSP)*10' 101 1.71 2 . 27 0.010 13.31 0.30 0 .98 2 . 26 4.38 
TCOO in Sludae (lbe/ton ADBSP)*10° 99 1.28 2 . 60 0 .000 15.90 0 .05 0.25 1.30 3 .88 
TCDD ln Etfluent (lbe/ton AD8SP)*10° 97 1.22 1. 90 0.011 10 .88 0 . 17 0.57 1. 30 2. 79 
Total TCDD (lbe/ton ADBSP)*l0° 95 4.31 5.31 0.066 30 . 56 0.96 2 . 13 5.95 11.02 

X TCOO OUTPUT t o Pulp 95 39 . 92 22 . 48 2 .835 91 .08 21 . 98 40 . 19 59.03 70 .08 
X TCOO OUTPUT to Sludae 95 25 . 79 24.39 0.000 85 . 79 4.31 16 .67 45 .18 62 .60 
X TCDD OUTPUT to Effluent 95 34.30 23 . 47 1.536 86.53 14 . 63 32 . 10 49 . 30 72 . 35 

l.reft S~lee 

TCDD in Pulp (lbe/day )*10' 84 18 . 33 23.25 0.084 140.80 3 .20 10 .85 23 . 35 48.58 

1../1 TCOO ln Sludae (lbe/day)*10' 83 15 . 48 37.34 0 . 000 240 . 30 0 . 46 10.85 7. 73 50.49 
00 TCOO in Effluent (lbe/dey)*10° 81 14.09 22 . 35 0.161 123.40 1 . 43 5 .82 18.04 31.51 

Tota l TCDD (lba/day)*lO' 80 48.84 64.55 0 . 692 374.00 11.43 24.37 68.21 136.78 

TCDD ln Pulp (lba/ton ADBSP)*10' 84 1. 95 2 . 39 0.010 13.31 0 . 50 1.16 2.38 4 . 55 
TCOO in Sludae (lbe/ton ADBSP) *10° 83 1 . 44 2 .80 0 . 000 15.90 0.05 0.25 1.46 4.29 
TCOO in Eftluant (lbe/ton ADBSP)*10° 81 1. 38 2 .03 0 . 011 10.88 0.23 0 . 61 1. 70 3.01 
Total TCDD (lbe/ton ADBSP)*lO' 80 4 . 86 5 . 57 0 . 066 30.56 1.21 2.80 6 . 53 12 . 14 

X TCDO OUTPUT to Pulp 80 43.05 20 . 55 4.046 88 .40 24.78 41.90 60 . 59 70 . 29 
X TCDD OUTPUT to Sludae 80 23.91 24 . 34 0. 000 85.79 3 . 51 15. 79 43 . 50 60.62 
X TCDO OUTPUT to ECCluent 80 33.05 22 . 71 1 . 536 86 .08 14.66 26.84 46.45 69 . 20 

Sulfite S~l-

TCOD in Pulp (lba/dey)*lO' 15 0 . 93 1. 43 0 . 072 4 .93 0 . 13 0 . 20 1.22 4.04 
TCDO ln Sludae (lbe/day)*lO' 14 1. 54 2.31 0.026 8 .22 0 .26 0 . 20 1. 54 6.63 
TCDD ln Effluent (lba/dey)*lO' 15 1. 31 1 . 33 0. 094 4.30 0.24 0 . 85 1. 78 4.19 
Total TCDD (lba/day)*lO' 14 3. 80 3 .61 0.507 12 . 70 1. 34 2 . 43 5.59 11.01 

TCDD ln Pulp (lba/ton ADBSP)*10' 15 0 . 35 0 . 77 0 . 020 3.00 0.03 0 . 06 0 .40 1. 73 
TCDD ln S1udaa (lbe/ton ADBSP)*10' 14 0.37 0 . 44 0.008 1. 37 0.04 0 . 16 0.69 1. 24 
TCDO in Effluent (lba/ton ADBSP)*10' 15 0.33 0 . 37 0 . 031 1. 28 0 . 11 0 . 15 0.42 1 . 11 
Total TCDD (lba/ton ADBSP)*10° 14 1. 03 1.19 0.206 4.53 0 .27 0 . 46 1. 55 3 . 32 

1 TCDD OUTPUT to Pulp 14 21.99 26 . 13 2 . 835 91.08 6 . 20 10 48 26 . 87 78 65 
1 TCDO OUTPUT to Sludae 14 35.70 23 . 72 1.935 77.20 12 .23 38 77 55 . 80 70 98 
X TCOD OUTPUT to Effluent 14 42 . 32 27 . 57 6.981 86.53 12.37 39 54 65 . 30 86 21 



TABU 5-2. DESaliPTIVE STATISTICS I'Ol 1QlO (II NASTI!WATI!Jl TRU1tU'I) 

WASTEWATER TR.EAtMEHT•ACT 
Lower Upper 90 ... 

TCDD E:aoort.a !!. ti!.!!! §!:!! Mini- ~ ~artUe Medl en ~artill Percentile 

TCDD in Pulp (lba/deyl*10' 41 16 . 16 2~ . 61 0 . 072 140 . 80 1. 21 7 . 28 19 . 34 47 . 88 
TCDD in Sludae (lba/day)*10' 39 13 . 17 21.06 0 . 026 85 . 59 l. 33 7 .28 14 . 31 50 . 45 
TCDD in Effluent (lba/dayl*10° 40 7.46 10 . 55 0 . 094 39 . 50 0 . 71 2 . 88 9 . 26 29.66 
Total TCDD (lba/daJ)*10° 39 37.19 48 . 53 0 . 507 201 . 40 4 .97 18 . 51 46.49 124 . 00 

TCDD ln Pulp (lba/ton ADBSP1*10° 41 1. 97 2 . 47 0 .030 13.31 0 .27 1. 46 2 . 64 4.~1 

TCOO in Sludae (lba/ton ADBSP)*lO' 39 1.46 1.71 0 . 008 6 . 88 0 .20 0 . 63 2.22 4 . 40 
TCDD ln Effluent (lba/ton ADBSP)*lO' 40 0 . 91 1.12 0 . 031 5. 17 0 . 14 0 . ~2 1. 24 2 . 79 
Total TCDD (lba/ton ADBSPI*lO' 39 4.38 4 . 32 0 . 206 19 . 04 1. 08 2 . 77 6.47 12 . 02 

l TCOD OUTPUT to Pulp 39 39 . 5~ 23 . ~7 2 . 83~ 91 .08 20 . 71 36 . 42 62 . 43 69 . 91 
l TCDD OUTPUT to Sludae 39 34.45 21.76 0.809 77 . 31 16 .22 34 .26 ~3.~7 64 . 76 
l TCDD OUTPUT to Effluent 39 26 .00 21.13 l. 969 86 . 53 12 . 76 20 . 02 35 . 40 58.06 

WASTEWATER TR.EATHEHT•ASB 

V1 Lower Upper 90!! 
\0 TCpo Export.• !!. Mean ill Hi pi- Hut- ~artlle Median ~ertile Percentlh 

TCDD ln Pulp (lba/day)*10° 47 17 .21 20 . 41 0 . 128 102 . 40 2 . ~7 11 . 41 23 . 85 46 . 12 
TCDD in Sludae (lbl/day)*10° 48 16 . 4~ 45 . 59 0 .000 240 . 30 0 . 45 11 . 41 6 . 61 52 24 
TCDO l n Effluent (lbt/ day)*10° H 18.5~ 28.06 0 . 161 123 . 40 1. 40 9 .39 25.07 47.20 
Total TCDD (lba/daJ)*10° H 53.63 75 .31 0 . 902 374 . 00 10 . 14 28.70 65 .66 U0.80 

TCDD in Pulp (lba/ton ADBSP)*10' 47 1.63 2 . 22 0 .020 11 .20 0 . 46 0 . 88 2 . 01 3.45 
TCDD in Sludae (lba/t.on ADBSP) 0 10° 48 l. 40 3 . 36 0 .000 15 . 90 0 .05 0 . 18 0 . 77 4 . 19 
!COO in Effluent. (lba/t.on ADBSP) 0 10' H 1.66 2 . 53 0 . 011 10 .88 0 . 19 0 . 67 l. 81 6 . 17 
Total TCDD (lba/t.on ADISP)*101 44 4.83 6.46 0 . 066 30.~6 1.01 2 . 07 5.84 14.25 

l TCDD OUTPUT to Pulp 44 40 . 57 21.35 4 .046 88 .40 24 . 78 40 . 9~ 55.97 71.75 
l TCDD OUTPUT t.o Sludae H 21.41 2~ . 65 0 . 000 8~ . 79 2 . 70 7 . 82 34 .62 69.23 
l TCDD OUTPUT t.o Effluent. 44 38 .02 22 . 96 1. 536 86 . 08 23 . 6~ 35 .28 ~6 . 01 72 . 65 



TABL! 5- 3. D£SCIUPfiVE STATISTICS tal TCDF 

Lower Upper 90!! 
TCOf E!J?()rtt !! t!!..!n §1!1 t1!!li!!!!!l! Me:darum Quertile t1!i!!.!.!l Querttle Percentile 

All s-.1•• 

TCOF ln Pulp (lba/day>•to• 102 147 . 80 339.14 0.053 2523.00 5.26 31.63 127.62 356 . 47 
TCDF in Sludaa (lba/day)*10° 102 82 .92 273.27 0.000 2394.00 1.73 31.63 41.93 189 . 82 
TCOF in Effluent (lba/day)*10° 99 94.14 229.62 0 . 054 1542 . 00 4.33 15.35 71.96 273 . 40 
Tota l TCDF (lba/day )*10° 96 334.30 711.90 0.743 4511.00 22.50 74.64 328.92 735 . 14 

TCOF in Pulp (lba/ton ADBSP)*10° 102 20.96 62 . 53 0.010 524.01 0.93 3 . 94 13 . 89 45.58 
TCOF in Sludaa <lba/ton ADBSP)*10° 102 8 . 75 23 . 77 0 .000 195 . 59 0 . 17 1 . 36 5.26 23 . 30 
TCOF in Effluent (lba/ton ADBSP)*10" 99 12 .67 41.60 0.018 365.71 0 .64 2 .08 7.22 29 . 99 
Total TCDF (lba/ton ADBSP)*10" 96 43 .29 116 .62 0 . 147 953.88 3.46 8.62 30.42 120.54 

X TCOF Output to Pulp 96 43.96 23 . 37 0 .590 92 . 18 23 . 33 45 .23 61.64 76.84 
l TCDF Output to Sludaa 96 25 .83 24 . 98 0.000 93.81 3.94 18.98 44.90 62 .02 
X TCOF Output to Effluent 96 30 .22 22.19 0 . 323 86 . 84 11.04 26.23 44.4 7 64.62 

~aft s-.L•• 
a-

TCOF in Pulp (lba/day) *10° 85 162.67 363 . 34 0,459 2523.00 10.93 35 . 75 132 .20 399 .20 

0 TCOF in Sludaa (lba/day)*10" 85 94 .41 297 . 17 0.000 2394.00 1 . 59 35.75 57.59 203 . 36 
TCOF in Effluent (lba/day)*10° 82 106.85 248 . 81 0 . 417 1542.00 5.07 21.96 77 .66 282.64 
Total TCDF (lba/day)*lO" 80 374.93 764 .28 2.128 4511.00 29.30 98.79 370 . 95 795 . 62 

TCOF in Pulp (lba/ton ADBSP)*10° 85 22 .67 67 . 53 0.090 524.01 1.65 4.30 14.09 44 . 17 
TCOF in Sludaa (lba/ton ADBSP) *10° 85 9 .67 25 . 72 0.000 195 . 59 0.12 l. 32 6 .26 28 . 32 
TCOF in Effluent (lba/ton ADBSP)*10° 82 14.37 45.38 0 .048 365. 71 0 . 78 2. 51 8 . 11 30 . 39 
Total TCDF (lba/ton ADBSP)*10" 80 48.33 126.16 0.147 953.88 4.66 10.45 33.19 122 . 87 

l TCOF Output to Pulp 80 46 .67 21.34 4.383 92 .18 26 .04 45.49 64 .27 77 .09 
X TCOF Output to Sludaa 80 23 .32 23 . 46 0 .000 91.35 3.76 15. 59 43.01 60 . 36 
l TCDF Output to Effluent 80 30 . 02 21.41 0.323 86 . 84 11.22 26 . 99 44 .47 64 .26 

Sulfite S...,laa 

TCDF in Pulp (lba/day)*10° 15 52 .08 159 . 47 0.053 615.70 0.18 2.03 8 . 54 325.42 
TCDF in Sludaa (lba/day)*10" 15 14 .26 39 .09 0.000 154 . 90 1.77 2 . 03 7.46 69.09 
TCDF in Effluent (lba/day)*10° 15 26 .1 7 70.82 0.054 273 .40 0 . 59 1.61 8 . 18 153.42 
Total TCDF (lba/day)*10° 14 89.12 275 .66 0.743 1044.00 4.31 9.19 22.29 564 . 41 

TCOF in Pulp (lba/ton ADBSP)*lO" 15 10.79 26 .49 0.010 85.80 0.05 0.42 1. 98 73 . 08 
TCOF in Sludaa (lba/ton ADBSP) *l0° 15 2 . 71 5 .41 0.000 21.59 0 . 18 1. 40 2.87 11.56 
TCDF in Effluent (lba/ton ADBSP)*10° 15 3.96 9.67 0.018 38 . 10 0 . 19 0. 73 4 .00 19 . 57 
Total TCOF (lba/ton ADBSP)*l0° 14 13 .81 38 .04 0 .243 145 .48 0.94 3.47 8 . 45 78.03 

1 TCDF Output to Pulp 14 26 .47 28 . 18 0. 590 90.70 6 . 47 12 . 10 53 . 80 74 .87 
1 TCDF Output to Sludae 14 40 .83 29.73 2.002 93 .81 13 . 81 39 .25 62 .01 88 . 62 
1 TCOF Output to Effluent 14 32 . 70 28 .08 3 . 624 86.56 8.08 25 . 28 54 .09 81.92 



tABLI 5- 4. D!SCR.InnE stAtistiCS rat Ja)f (It NASTDU.Ril 1"RU1ta't) 

WASTEWATER TREAD£11T•ACT 
Lower Upper 902 

ICDF E!J!Ort.t !! Mean ~ Hlnl- Had- QuartUa ~ Quartile Percentile 

TCDF ln Pulp (lba/day)•to• 41 111 . 81 186 .86 0 .053 964 . 40 5. 01 28 . 45 129 . 05 300 . 96 
TCDF in Sludae (lba/day)*l0° 41 72 . 40 147 . sa 0 . 000 846.00 4 . 72 28 . 45 91.09 205 . 84 
TCDF in Effluent (lba/day)*1o" 41 49.60 86 .40 0.054 422.00 1.83 12.00 67 . 90 142.08 
Total TCDF (lba/day)*10° 39 233 .07 348 . 74 0. 743 1484.00 20 . 64 79 . 23 361.80 678.70 

TCDF in Pulp ( lba/t.on ADBSP)*10' 41 17 . 75 34 .61 0 . 010 193.81 1.06 4 .34 20 . 23 56 . 59 
TCDF in Sludae (lba/ton ADISP)•lO' 4l 8 .93 15 .03 0 . 000 68.05 1.27 2 . 87 9 . 09 28 . 43 
TCDF in Effluent. (lba/t.on ADBSP)*lO' 41 7 .62 16 .36 0 . 018 90 . 95 0 . 43 2 . 08 6 . 45 27 . 03 
Tot.al TCDF (lba/ton ADISP)*lO' 39 33 . 33 57 .24 0.243 299 . 61 3 . 76 11 . 13 27 . 85 119.37 

l TCDF Output. t.o Pulp 39 40 .66 23 .27 0 . 590 90.70 22 . 34 38 . 90 59 . 15 73 . 96 
l ICDF Output t.o Sludae 39 37 . 67 23 .67 0.613 93.81 19 . 79 36 . 92 54 . 39 71 . 93 
l TCDF Output. t.o Effluent. 39 21.68 18 . 74 2.264 17.28 7 . 76 15 .25 26 .64 52.38 

WA.STEWA TER TREATHEHT•ASB 
Lower Upper 90!! 

Cf\ 
TCDF E!!port! !! !1!.!2 w Mini- M!Xlmum QuartUa Median Quartile Percentile 

..... 
TCDF in Pulp (lba/day)*lO' 48 205 .26 456.76 0.319 2523.00 7 .04 38 .97 159 . 57 631 . 57 
TCDF ln Sludaa (lba/day)•lO' 48 111.53 373 .28 0 .000 2394 .00 1. 67 38 . 97 37 .66 259 . 60 
TCDF ln Effluent (lba/day)*10° 45 154 . 44 321.38 0.417 1542. 00 5. 02 31. 79 124 . 67 490. 88 
Tot.al TCDF (lba/day)*lO' 45 486 .64 967 .80 2 . 128 4511.00 26 . 68 96 . 39 428 . 10 1940 . 00 

TCOF in Pulp (lba/t.on ADBSP)*10' 48 27 . 68 85 . 11 O. OSO 524.01 0 . 72 3 . 94 13 . 35 75 . 45 
TCOF in Sludae (lba/t.on ADBSP)•10' 48 10 . 55 31.64 0 . 000 195.59 0 . 12 0 . 10 3 . 99 36 . 60 
TCOF in Effluent. (lba/ton ADBSP)*10' 45 19 . 87 59 .20 0.048 365.11 0 . 70 1. 99 11 . 32 41.48 
Tot.al TCDF (lba/ton ADBSP)*10' 45 60 . 21 160.73 0.147 953 . 88 3 . 06 8 . 44 34.85 158 .67 

l TCDF Output to Pulp 45 45 . 77 22 . 76 4 . 383 92 . 18 24 . 66 45 . 54 63 . 07 17 .97 
l TCDF Output to Sludae 45 19 . 50 23 . 96 0 .000 91.35 2 . 87 6 . 73 26 . 75 62 .27 
l TCDF Output to Effluent. 45 34 . 74 20.53 0 . 323 74 . 99 15 . 17 32 .83 52 . 38 66 .01 
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TABLE 5-5. DIFFERENCES BETWEEN PULPING PROCESSES 

KRAFT vs SULFITE 

TCDD Exports Logged 
<lbs/day) * 106 N Median Mean t-stat 0 -value 

Total TCDD 
Kraft 79 24.4 1. 355 7. 371 .000 
Sulfite 14 2.4 0.411 

Pulp TCDD 
Kraft 84 10.8 0. 892 7.804 .000 
Sulfite 15 0.2 -0.426 

Sludge TCDD 
Kraft 76 10.8 0.474 3.324 .003 
Sulfite 14 0.2 -0 .191 

Effluent TCDD 
Kraft 80 5.8 0. 714 5.365 .000 
Sulfite 15 0.8 -0.122 

TCDF Exports Logged 
<lbs/siayl * 106 N Median Mean t-stat p-value 

Total TCDF 
Kraft 79 98 . 8 2.021 4.363 .000 
Sulfite 14 9 . 2 1.050 

Pulp TCDF 
Kraft 85 35 . 8 1.588 4.259 .001 
Sulfite 15 2 . 0 0.302 

Sludge TCDF 
Kraft 76 35 . 8 1.120 2.405 .027 
Sulfite 14 2 . 0 0.466 

Effluent TCDF 
Kraft 81 22 . 0 1 .340 3.434 .003 
Sulfite 15 1.6 0.416 

Note: Two-sample t-tests for difference beeween logged means 
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TABLE 5-5. DIFFERENCES BETWEEN PULPING PROCESSES (CONTINUED) 

KRAFT VS SULFITE 

TCDD Exports Logged 
<lbs / ton ADBSP) * 108 H Median Mean t-s t at p-value 

Total TCDD 
Kraft 79 2.8 0.420 4 . 792 . 000 
Sulfite 14 0 . 5 -0 . 192 

Pulp TCDD 
Kraft 84 1.2 -0 .028 5.530 . 000 
Sulfite 15 0.1 -1.010 

Sludge TCDD 
Kraft 76 0 . 25 -0 .478 1. 527 . 140 
Sulfite 14 0 . 16 -0. 794 

Effluent TCDD 
Kraft 80 0.6 -0.212 3.677 .001 
Sulfite 15 0.2 -0 . 705 

TCDF Exports Logged 
(lbsLton ~~~f} * 108 H t:J~disn M~iD t- :H;&t p-value 
Total TCDF 

Kraft 79 10 .4 1.087 3 .026 .007 
Sulfite 14 3.5 0 .447 

Pulp TCDF 
Kraft 85 4.3 0.664 3 . 044 . 008 
Sulfite 15 0.4 -0.281 

Sludge TCDF 
Kraft 76 1.3 0.169 1.097 .286 
Sulfite 14 1.4 -0.137 

Effluent TCDF 
Kraft 81 2 . 5 0.414 2 . 389 . 028 
Sulfite 15 0.7 -0.167 

Note: Two-sample t-tests for difference between logged means 
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TABLE 5-6 . DIFFERENCES BETWEEN TREATMENT TYPES 

ACT vs ASB 

All Mills Logged 
<lbs/day) * 106 H Median Mean t-stat p-value 

Effluent TCDD 
ACT 40 2 .9 0 .409 -2 . 583 .012 
ASB 43 9.4 0.820 

Sludge TCDD 
ACT 39 7 .3 0.566 1.245 .217 
ASB 45 11.4 0 . 324 

Effluent TCDF 
ACT 42 12 .0 l.lll -1 . 456 .149 
ASB 41 31.8 1.403 

Sludge TCDF 
ACT 39 28. 4 1. 230 1.262 .211 
ASB 45 39.0 0 . 954 

Kraft Mills Logged 
<lbs / day) * 106 Median Mean t-stat p-value 

Effluent TCDD 
ACT 28 4 .5 0.625 -1.438 .156 
ASB 41 10.3 0 . 862 

Sludge TCDD 
ACT 28 5.8 0 . 829 2.459 .016 
ASB 42 2.0 0.341 

Effluent TCDF 
ACT 29 22.8 1. 337 -0.489 .627 
ASB 41 31.8 1.434 

Sludge TCDF 
ACT 28 33.7 1 . 525 2.745 .008 
ASB 42 6.6 0 . 938 

Note : Two-sample t-tests for difference between logged means 
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TABLE 5-6. DIFFERENCES BETWEEN TREATMENT TYPES (CONTINUED) 

1 ACT VS. ASB 

I , 
All Mills Logged 
Clbs/ton ADBSP) * 1011 !i Median Mean t -stat p-value 

Effluent TCDD 
ACT 40 0.5 -0.351 -1.201 .2 33 

, 
ASB 43 0.7 -0 . 191 

Sludge TCDD 
ACT 39 0.6 -0.205 2 I 672 .009 

, 
ASB 45 0.2 -0.699 

Effluent TCDF 
ACT 41 2.1 0.238 -1.074 .286 
ASB 44 2 .0 0.436 

Sludge TCDF 
ACT 39 2.9 0 .458 2.462 .016 
ASB 45 0.7 -0.069 

Kraft Mills Logged 
Clbs/ton ADBSP) * 1011 Median Mean t-stat p-value 

Effluent TCDD 
ACT 28 0.6 -0.219 - 0 .430 .668 
ASB 41 0.9 -0 . 158 

Sludge TCDD 
ACT 28 1.0 -0.015 3.518 .001 

• ASB 42 0 . 2 -0.687 
Effluent TCDF 

ACT 29 3.1 0.489 0.388 .699 

• ASB 41 2.0 0.415 
Sludge TCDF 

ACT 28 5.0 0.681 3.612 .001 
ASB 42 0.8 -0.090 

Note: Two-sample t-tests for difference between logged means 
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TABLE 5-7. STATISTICS FOR TCDD/TCDF (BY MILL PROCESS) 

Mill Process-Kraft 

TCDP Exports H S.Ym Mean %(Total) 

TCDD in Pulp (lbs/day)*l06 80 1,486 18.6 38.0 
TCDD in Sludge ( lbs/day)*l06 80 1,280 16.0 32.8 
TCDD in Effluent (lbs/day)*l06 80 1,141 14.3 29.2 

Total TCDD (lbs/day)*l06 80 3,907 48.8 100.0 

Mill Process-Sulfite 

TCOP Exports H ~ Mean %<Total ) 

TCOO in Pulp (lbs/day)*l06 14 12 0.9 23.0 
TCOO in Sludge (lbs/day)*106 14 22 1.6 40.5 
TCDD in Effluent (lbs/day)*106 14 19 1.4 36 . 5 

Total TCOO ( lbsj day)*l06 14 53 3 .8 100. 0 

Mill Process-Kraft 

TCOF Exports H ~ Mean %(Total) 

TCOF in Pulp (lbs/day)*l06 80 13,525 169.1 45.1 
TCOF in Sludge (lbs/day)*l06 80 7,996 100.0 26.7 
TCOF in Effluent (lbs/day)*l06 80 8,475 105.9 28.2 

Total TCOF (lbs/day)*lO' 80 29,996 374.9 100.0 

Mil l Process-Sulfite 

TCPF Exports H ~ ~ %(Total) 

TCOF in Pulp (lbs/day)*l06 14 649 46.4 52.0 
TCDF in Sludge (lbs/day)*l06 14 214 15 . 3 17 . 1 
TCOF in Effluent (lbs/day)*lO' 14 384 27 . 5 30 . 8 

Total TCOF (lbs/day)*l06 14 1,248 89 . 1 100.0 

Note: Discrepancies may result due to rounding errors. 
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TABLE 5-8. STATISTICS FOR TCDD/TCDF (BY MILL PROCESS) 

Mill Process-Kraft 

TCDD Exports N ~ Mean %(Total) 

TCDD in Pulp (lbs/ton ADBSP)*l08 80 158 2.0 40.7 
TCDD in Sludge (lbs/ton ADBSP)*l01 80 119 1.5 30.7 
TCDD in Effluent (lbs/ton ADBSP)*l08 80 111 1.4 28.6 

Total TCDD (lbs/ton ADBSP)*l01 80 388 4 . 9 100.0 

Mill Proces s-Sulfite 

TCDD Exports li ~ Mean %(Total) 

TCDD in Pulp (lbs/ton ADBSP)*l08 14 4 0.3 30.6 
TCDD in Sludge (lbs/ton ADBSP)*l08 14 5 0.4 36.0 
TCDD in Effluent (lbs/ton ADBSP )*l08 14 5 0.3 33.4 

Total TCDD (lbs/ton ADBSP)*l08 14 14 1.0 100.0 

Mill Process-Kraft 

TCDF Exports li ~ Mtln X <Total ) 

TCDF in Pulp (lbs/ton ADBSP)*l08 80 1,902 23.8 49.2 
TCDF in Sludge (lbs/ton ADBSP)*l08 80 819 10.2 21.2 
TCDF in Effluent (lbs/ton ADBSP)*l08 80 1,145 14 . 3 29.6 

Total TCDF (lbs/ton ADBSP)*l08 80 3,866 48.3 100.0 

Mill Process-Sulfite 

TCDF Exports li SJ.Yil Hun %(Total) 

TCDF in Pulp (lbs/ton ADBSP)*l08 14 97 6.9 50.3 
TCDF in Sludge (lbs/ton ADBSP)*l08 14 41 2.9 21 . 1 
TCDF in Effluent (lbsfton ADBSP)*l08 14 55 4.0 28.7 

Total TCDF (lbs/ton ADBSP)*l08 14 193 13.8 100.0 

Note: Discrepancies may result due to rounding errors. 
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6 . ANALYSIS OF TOTAL SUSPENDED SOLIDS 

Since the preceding analysis uncovered differences between treatment types 

Activated Sludge Wastewater Treatment (ACT) and Aerated Stabilization Basins 

(ASB) with regard to the rates at which 2, 3, 7, 8- tetrachlorodibenzo-p-dioxin 

(TCDD) and 2,3,7,8-tetrachlorodibenzofuran (TCDF) were exported to sludge and 

effluent vectors, a more extens i ve analysis was made on a measured variable 

suspected to affect wastewater treatment performance: total suspended solids 

(TSS). It has been suggested that ACT and ASB treatments differ significantly 

with regard to average TSS levels, so the goal of the analysis in section 6 was 

to assess any potential relationship between TCDD/TCDF formation in sludge and 

effluent and total suspended solids levels at the waste treatment facilities. 

Since important characteristics of kraft and sulfite mills were quite 

different, any potential relationship between TCDD/TCDF formation and TSS might 

be masked if both mill types were analyzed together . As it was, the number of 

sulfite mills was small, and only one sulfite mill with usable data employed an 

ASB-type waste treatment, so the analysis was confined to ACT-treated or ASB­

treated kraft mills. (Please note that all figures and tables are located at 

the end of the text.) 

Preliminary examination of the TSS data indicated that the distribution 

of values could be approximated by a lognormal density (appendix B). A 

subsequent two-sample t-test on t he logged TSS values indicated that the average 

total suspended solids content of ACT systems was significantly higher than that 

for ASB systems at the 5 percent level. Variation in the TSS data by treatment 

type is shown in the boxplot of Figure 6-1; descriptive statistics for the TSS 

levels are provided in Table 6-1, classified by pulping process and wastewater 

treatment. 

Given the observed difference in treatment types with respect to average 

TSS levels, the next step was to determine to what degree TSS levels could 

explain differences due to wastewater treatment in TCDD/TCDF mass outputs to 

sludge and effluent . Relationships between TSS and TCDD/TCDF mass exports to 
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sludge and effluent were explored and tested for statistical significance. Using 

TSS as the independent variable, the dependent variables included TCDD/TCDF mass 

exports to sludge and effluent in both lbsjday and lbs/ton Air-Dried Brownstock 

Pulp (ADBSP). 

Examination of the dependent variables and their distributional 

characteristics via probability plots indicated that the TCDD/TCDF mass output 

variables might reasonably be characterized by lognormal distributions (appendix 

B) . Plots were then made of TSS versus each of the dependent variables on a log­

log scale, which enabled estimation of regression equations from data that 

resembled bivariate normal scatterclouds, a prerequisite for using normal theory 

estimates of the stability of the regress ion lines. 

Each of the scatterplots was overlaid with a best fitting linear regression 

and 90 percent confidence bands. The 90 percent confidence bands provide an 

approximate confidence interval for the estimated regression mean within the 

range of the data at each value along the independent axis. Computation of each 

confidence band was based upon the t-statistic for the estimated linear slope 

and the estimated standard error in the dependent variable at any given point 

Xo along the independent axis. 

Visual inspection of Figures 6-2 through 6-5 indicates that for any fixed 

TSS level, the variability from mill to mill in effluent and sludge TCDD/TCDF 

mass exports was substantial. The regression lines overlaying the plots 

estimated the average behavior of the TCDD/TCDF exports as TSS levels varied; 

however, none of the correlations between TSS and TCDD/TCDF exports was very 

strong. Clearly, TSS is not the only factor that affects amounts of TCDD/TCDF 

found in sludge and effluent, and it may not be a dominant factor. 

The estimated regression equations are presented in Tables 6-2 and 6-3. 

Note that since the regressions were performed on the logged data, the 

relationships suggested are not linear in the original units. Rather, the model 

implies that when the slope coefficient is significantly different from zero , 

the TCDD/TCDF mass output is proportional to a~ of the TSS level. 
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Tables 6-2 and 6-3 confirm that the correlations between TSS and the 

corresponding TCDD/TCDF mass outputs were rather weak. The largest fraction of 

explained variance (as indicated by the R2 statistic) for any of the variables 

was less than 5 percent. The linear regressions suggest that TCDD/TCDF effluent 

mass rates increased somewhat with larger TSS levels, while TCDD/TCDF sludge mass 

rates decreased slightly as TSS increased. However, none of the estimated 

regression slopes were significantly different from zero at the 5 percent level. 

Very similar results were found for each matrix and analyte when considering 

either the unadjusted or adjusted mass export rates. 

Since ASB and ACT-type treatments were combined in the previous plots, the 

last step in this section was to subdivide mills by waste treatment and recompute 

possible linear relationships between TSS and the TCDD/TCDF mass exports. This 

was considered important primarily because the sludge samples taken at ASB 

facilities consisted of primary sludge only, while those at ACT facilities 

consisted of composites samples of primary and secondary sludges. Figures 

6-6 to 6-9 are redrawings of Figures 6-2 to 6-5 that indicate the type of waste 

treatment used at each scatterpoint (ACT or ASB}, and a regression overlay 

corresponding to each wastewater subgroup. The separate regression equations 

for each type of waste treatment are presented in Tables 6-4 through 6-7. 

For both wastewater treatment types, large TSS levels were somewhat 

associated with higher TCDD/TCDF exports to effluent and lower TCDD/TCDF exports 

to sludge. In each case, however, the data from ACT·type treatment facilities 

were more sharply sloped.than data from ASB systeaa. These visual results were 

supported by t~e regression statistics listed in Tables 6·4 through 6-7. None 

of the estimated slopes for the ASB mills were significant at the 5 percent 

level; however, several of the relationships becween TSS and TCDD/TCDF exports 

to sludge and effluent were significant for ACT mills. Again, the estimated 

correlations were weak, but in some cases total suspended solids accounted for 

close to 20 percent of the total variability in TCDD/TCDF mass sludge and 

effluent exports at mills using ACT treatment. 

Based on this analysis, it is difficult to determine whether TSS influences 

the proportions of TCDD/TCDF mass exported to sludge and effluent vectors. The 
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proportion of total variation in the TCOO/TCOF data explained by the TSS level 

(through the R2 statistic) did not exceed 20 percent for any of the regressions 

calculated. It is also possible that other variables were present in these data 

that might have masked relationships between TSS and TCOO/TCOF exports. The 

study design did not permit a more complete analysis. However, there did appear 

at least a weak link between the TSS level and the TCOO/TCOF sludge and effluent 

export rates for kraft mills using ACT-type wastewater facilities. If such a 

link exists, the level of TSS may help to explain the observed differences 

between ASB and ACT waste treatments with respect to TCOO/TCOF found in sludge 

and effluent. 
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FIGURE 6-1 

TSS BY TREATMENT 
TREATED KRAFT MILLS ONLY 
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TABLE 6-1. DESCRIPTIVE STATISTICS FOR TSS 

Lower Uppe r 9~ 

ill Klnl•ua tl•xi•ua Quartile Median Quartile Percentile 

50.48 5.800 213 . 00 25.63 46 . 30 81.15 126 . 72 

36.19 5.800 144 . 60 22 .40 45 . 80 70 .00 115.40 
34.40 14.400 144 . 60 41 . 90 47 . 20 78.25 119.80 
36.91 5.800 143 . 80 18 . 95 35 .70 69.88 112 . 26 

85.69 26.800 213.00 32.44 87.05 182.20 264 . 18 



FIGURE 6- 2 

EFFLUENT TCDD OUTPUT 
TREATED KRAFT MILLS ONLY 
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FIGURE 6- J 

SLUDGE TCDD OUTPUT 
TREATED KRAFT MILLS ONLY 
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FIGURE 6- 4 

EFFLUENT TCDF OUTPUT 
TREATED KRAFT MILLS ONLY 
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FIGURE 6- 5 

SLUDGE TCDF OUTPUT 
TREATED KRAFT MILLS ONLY 
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TABLE 6-2: TCDD EXPORTS (TREATED KRAFT MILLS ONLY) 

TSS <mg/1) vs Sludge TCDD C1bs/day)*l06 

Equation: Log10(Sludge TCDD) - 1.227 - 0.431 * Log10(TSS) 

R2 
- . 022 

Adjusted R2 
- .006 

S.E. of Regression- 0.933 

Constant 
Independent 

Standard Error 
0.596 
0.363 

t Statistic 
2 . 059 

-1. 18 7 

TSS (mg/1) vs Effluent TCDD Clbs/day)*lO' 

p-Value 
0.044 
0.240 

Equation: Log10(Effluent TCDD) • 0.315 + 0.268 * Log10 (TSS) 

R2 
- .014 

Adjusted R2 - .000 
S.E. of Regression- 0 . 687 

Constant 
Independent 

Standard Error 
0.461 
0.281 

t Statistic 
0.684 
0.953 

p-Value 
0.497 
0.344 

TSS <mg/1) vs Ad1usted Sludge TCDD Clbs/ton APBSPl*l08 

Equation: Log10(Adjusted Sludge TCDD) • 0.157 - 0.373 * Log10(TSS) 

R2 • .016 
Adjusted R2 - .000 
S.E. of Regression- 0.961 

Constant 
Independent 

Standard Error 
0.614 
0.374 

t Statistic 
0 . 256 

-0.998 

p-Value 
0.798 
0 . 322 

TSS Cmg/1) vs Ad1usted Effluent ICDD Clbs/ton APBSP>*l08 

Equation: Log10(Adjusted Effluent TCDD) • -0.713 + 0.311 * Log10(TSS) 

R2 
- .026 

Adjusted R2 - .010 
S.E. of Regression- 0 .589 

Constant 
Independent 

Standard Error 
0.396 
0.241 

94 

t Statistic 
-1.802 
1. 290 

p-Value 
0.076 
0.202 



TABLE 6-3. TCDF EXPORTS (TREATED KRAFT MILLS ONLY) 

TSS Cmg/1) vs Sludge TCDF Clbs/day}*lO' 

Equation: Log10(Sludge TCDF) • 1.599 - 0.277 * Log10(TSS) 

R2 
- • 008 

Adjusted R2 - .000 
S.E. of Regression- 1.010 

Constant 
Independent 

Standard Error 
0.645 
0.393 

t Statistic 
2.480 

-0.704 

TSS Cmg/1) vs Effluent TCDF Clbs/day)*10' 

p -Value 
0.016 
0.484 

Equation: Log10(Effluent TCDF) • 0.538 + 0 .499 * Log10(TSS) 

R2 
- • 037 

Adjusted R2 
- .022 

S.E. of Regression- 0.787 

Constant 
Independent 

Standard Error 
0.528 
0.322 

t Statistic 
1.018 
1.553 

p-Va1ue 
0. 313 
0.126 

TSS Cmg/1) vs Ad1usted Sludge TCDF Clbs/ton APBSP}*l08 

Equation: Log10(Adjusted Sludge TCDF) • 0.530 - 0.219 * Log10(TSS) 

R2 - .004 
Adjusted R2 - .000 
S . E. of Regression- 1.066 

Constant 
Independent 

Standard Error 
0.681 
0.415 

t Statistic 
0. 778 

-0.527 

p-Va1ue 
0.440 
0.600 

TSS Cmg/1) vs Ad1usted Effluent TCDF Clbs/ton ADBSP>*108 

Equation: Log10(Adjusted Effluent TCDF) • -0 . 491 + 0.542 * Log10(TSS) 

R2 
- .048 

Adjusted R2 
• . 032 

S.E. of Regression- 0.751 

Constant 
Independent 

Standard Error 
0.505 
0.307 

95 

t Statistic 
-0.972 
1. 765 

p-Value 
0.335 
0.082 



FIGURE 6- 6 

EFFLUENT TCDD OUTPUT BY TREATMENT 
TREATED KRAFT MILLS ONLY 

1000.00 

\0 
0 

100.00 • • + 
J1l • 
• -..& ... • -~ 
~ . ,. .. 

\D "0 
a- ' 10.00 •• • ~ 0 

(I) 

.,c -- ~-~ Q 
Q 

1.00 • ~~.o (.) 
(-. 

0 ~ ••• ... 
c:l 
u 0 
::s • -Co-o 0.10 -J I ASB 

Co-o • 
Jl.l . . . 

0 ACT 

~ i I 
0.01 

1 10 100 1000 

TSS (mg/1) 



FIGURE 6-7 

SLUDGE TCDD OUTPUT BY TREATMENT 
TREATED KRAFT MILLS ONLY 
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FIGURE 6-8 

EFFLUENT TCDF OUTPUT BY TREATMENT 
TREATED KRAFT MILLS ONLY 
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FIGURE 6-9 

SLUDGE TCDF OUTPUT BY TREATMENT 
TREATED KRAFT MILLS ONLY 
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TABLE 6-6 . TCDD EXPORTS FOR ASB TREATMENT 
KRAFT MILLS ONLY 

TSS Cmg/1) vs Sludge TCDD Clbs/day)*l01 

Equation: Log10(Sludge TCDD) • 1.128 - 0 . 495 * Log10(TSS) 

R2 
- .029 

Adjusted R2 - .004 
S.E. of Regression- 1. 023 

Constant 
Independent 

Standard Error 
0 . 738 
0 .462 

t St atistic 
1.527 

-1.073 

TSS (mg/1) vs Effluent TCDD Clbs/day)*l01 

p-Va1ue 
0 .135 
0 . 290 

Equation : Log10(Effluent TCDD) • 0.582 + 0 . 164 * Log10(TSS) 

R2 
- .006 

Adjusted R2 - . 000 
S.E. of Regression- 0.723 

Constant 
Independent 

Standard Error 
0 .557 
0 . 348 

t Statisti c 
1.045 
0.472 

p-Va1ue 
0.303 
0.639 

TSS Cmg/1) vs Ad1usted Sludge TCDD Clbs/ton AQBSP)*l08 

Equation: Log10(Adjusted Sludge TCDD) • 0.056 - 0.481 * Log10(TSS) 

R2 
- .026 

Adjusted R2 
- .001 

S. E. of Regression- 1.053 

Constant 
Independent 

Standard Error 
0.760 
0 . 475 

t Statistic 
0.074 

-1.012 

p-Va1ue 
0.941 
0.318 

TSS C;a/1) vs Ad3usted Effluent TCDD Clba/ton ADBSP>*l08 

Equation: Log10(Adjuated Effluent TCDD) • -0.447 + 0.169 * Log10(TSS) 

R2 
- . 008 

Adjusted R2 
- .000 . 

S.E. of Regression- 0.654 

Constant 
Independent 

Standard Error 
0 . 504 
0.315 
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t Statistic 
-0.886 
0 . 538 

p-Value 
0 . 381 
0 . 594 



TABLE 6·7. TCDF EXPORTS FOR ASB TREATMENT 
KRAFT MILLS ONLY 

ISS (mg/1) vs Sludge TCDF (lbs/dayl*l06 

Equation: Log10(Sludge TCDF) • 1. 425 - 0 . 312 * Log10(TSS) 

R2 
- .010 

Adjusted R2 
- . 000 

S.E. of Regression- 1.106 

Standard Error 
Constant 0 . 798 
Independent 0 .499 

t Statistic 
1.785 

-0.625 

ISS Cmg/1) vs Effluent TCDF (lbs/dayl*106 

p-Value 
0 .082 
0.536 

Equation: Log10(Effluent TCDF) • 0. 778 + 0. 393 * Log10(TSS) 

R2 
- .022 

Adjusted R2 - . 000 
S.E. of Regression- 0.879 

Constant 
Independent 

Standard Error 
0.677 
0.423 

t Statistic 
1.148 
0.929 

p-Va1ue 
0 . 258 
0.359 

ISS Cmg/1) vs Ad1usted Sludge TCDF (lbs/ton ADBSP>*l08 

Equation: Log10(Adjusted Sludge TCDF) • 0.353 • 0.298 * Log10(TSS) 

R2 
- .008 

Adjusted R2 - • 000 
S . E. of Regression- 1.162 

Constant 
Independent 

Standard Error 
0.839 
0.525 

t Statistic 
0.421 

-0.567 

p-Value 
0.676 
0.574 

ISS Cmg/l) vs Ad1usted Effluent TCDF Clbs/ton ADBSP>*l08 

Equation: Log10(Adjusted Effluent TCDF) - ·0. 251 + 0. 398 * Log10(TSS) 

R2 
- . 024 

Adjusted R2 - .000 
S.E. of Regression - 0.857 

Constant 
Independent 

Standard Error 
0 . 661 
0.412 

103 

t Statistic 
-0.380 
0.965 

p-Value 
0.706 
0.341 



7. MODELING TCDD/TCDF FORMATION AS A FUNCTION OF MILL 

OPERATING PARAMETERS 

Several steps were taken to investigate the effect of mill bleaching 

procedures upon 2,3,7,8-tetrach lorodibenzo·p·dioxin (TCDD) and 2,3 , 7,8-

tetrachlorodibenzofuran (TCDF) f ormation. The goal of this section was to 

determine the strength of relationships between mass export rates of TCDD/TCDF 

and key chemical bleaching and extraction agents used at U.S. bleached pulp 

mills. Three dependent measures we re used, including the total mass export rates 

of TCDD and TCDF generated by the combined vectors of pulp, sludge, and effluent 

(in lbs/ton Air-Dried Brownstock Pulp [ADBSP]); and the TCDD toxic equivalent 

export rate, which combines the TCDD total mass rate with one-tenth of the TCDF 

total mass rate. 

Though the mass formation r ates of TCDD/TCDF varied from bleach line to 

bleach line, as gauged by pulp sample analyses, effluents and sludges were not 

sampled at eacl1 line but rather at the "downstream" treatment facilities. 

Consequently, the chemical bleaching application rates for each bleach line were 

combined to form a mill average, the rates being weighted over different lines 

depending on the volume of pulp produced . As in the previous section, kraft and 

sulfite mills were treated separately in the analyses. Since the number of 

sulfite mills with usable data was quite small, only the analyses of kraft mills 

were included in this section. 

The independent variables f or which there were enough data to be of utility 

included the following: chemicals added during C·stage bleaching ·· Chlorine 

(Cl2), Chlorine Dioxide (Cl02), Cl2 Equivalent inC-Stage, and Percentage Cl02 

Substitution for Cl2 ; chemicals added during other stages of bleaching or caustic 

removal •• Other stage Cl02 , Sodium Hypochlorite, Sodium Hydroxide, and Oxygen 

(02); and characterizing features of bleach line operation -- Kappa number, Final 

brightness, Cl2 Line Equivalent, Cl2 Multiple (Kappa Factor) in C-stage, Cl2 

Equivalent Multiple in C-stage, and Cl2 Line Equivalent Multiple. Other 

variables had for the most part zero values and were not included in these 
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analyses. They included Ca lcium Hypochlorite, Hydrogen Peroxide, Other Scage 

Cl2 , and other chemical agents which did not contain chlorine derivatives. 

As was done in the analysis of t otal suspended solids, exploratory pl ots 

and regression analyses were performed only after the variables of interest were 

examined for distributional properties and skewness. If warranted, variables 

were transformed so that their distributions approximated normality as much as 

possible. (All figures and tables are located at the end of the text.) 

Two of the independent variables ·• 02 and Cl02 -- contained significanc 

fractions of zero values (almost half of all kraft mills in the case of 02 ) . The 

analyses assumed an inherent difference between mills which , for instance, did 

not use ~ Cl02 in bleaching and t hose mills which did. Two different 

distributions of the TCDD/TCDF mass export rates are presented for each of these 

var.iables, one for all cases of zero values in 02 and Cl02 and the other for 

cases when the two variables were positive (Tables 7-1 and 7-2). 

7.1 REGRESSION ANALYSES 

After analyzing and transforming variables where necessary, plots were made 

of each dependent measure versus each independent variable and then analyzed for 

trends. Figures 7-1 to 7-9 are representative of the most significant results . 

Each plot contains two important interpretive features : a least squares linear 

regression overlay, drawn over the actual range of data, and a 90 percent 

confidence band about the estim&ted regression line. The confidence band 

provides a visual indication of the degree to which, at any given point Xo along 

the indepen~ent axis, the estimated mean of the dependent variate might be in 

error. 

Mills in which the calculation of either TCDD or TCOF mass export rates 

was problematic (such as in cases of seasonal or no waste treatment) were not 

used in the scatterplots or regression analyses and were considered unreliable 

data for purposes of the report. Two mills discharged untreated effluents to 

the ocean , and another five mills had average wastewater retention spans of 
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several monehs. Ae six mills, the reported conceneration or flow data was 

incompleee, so TCDD/TCDF mass formaeion rates could nee be calculated. 

Corresponding to the above plots, equaeions of the regression lines and 

relevant summary seatistics (including standard errors and R2 values) are given 

in Tables 7-3 to 7-5. Since the regressions were performed on the transformed 

variables and not in the original units, the estimaeed relationships are not 

linear in the original variables. On the log-log scale, for example, a non­

zero linear slope implies ehat the dependent variable eends to be proportional 
' to a~ of the independene variaee. 

The most immediate finding from the analysis is that each of the dependent 

variables exhibited significant variation at essentially every level of the 

various chemical application rates. Consequenely, the proportion of variance 

explained by any of the regression equaeions was generally low (as given by R2 ), 

indicating ehat the linear regressions were nee very useful as predictive 

equations . In fact, specific predictions regarding output of TCOD/TCDF at mill 

Y when a certain level of chemical X was applied would probably ha~ little 

meaning. The scatterplots were useful, however, to detect the presence or 

absence of non-zero trends in the eseimated regression lines. 

7.1.1 Effects of Chlorine Bleaching 

Variables measuring the applicaeiori of chlorine eo bro~eock pulps (Cl2 , 

Cl2 Equivalene in C-Stage, Cl2 Line Equivalent) were positively associaeed with 

the formation of TCDD/TCOF (Table 7-3) . Hence, greater u.e of chlorine in 

bleaching was associated with higher formation rates of TCDD/TCDF. This result 

was consiseent with previous evidence concerning the effect of chlorine bleaching 

on TCDD/TCDF formation in pulp mills ( 2); however, none of ehe esdmated 

regression models involving these variables accounted for more than aboue 30 

percent of the toeal variance in TCDD/TCDF mass export rates. 
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7 .1. 2 Effect of the Chlorine Multiple 

Since more chlorine tends to be applied when the lignin content of the pulp 

is high, regressions were also estimated for variables involving ratios between 

the amount of chlorine applied and the Kappa number (as measured by the ratios 

Cl 2 Multiple, Cl2 Equivalent Multi:>le, and Cl2 Line Equivalent Multiple), the 

Kappa number being a useful index of l i gnin content in brownstock pulps. Table 

7-4 provides the results for regressions on the Cl2 Multiple, and again documents 

a generally significant positive relat i onship between formation of TCOO/ TCOF i n 

mass exports and the Cl2 Multiple. Such a result implies that, on the average , 

even when lignin content was accounted for or "held constant," greater 

application of chlorine was mildly associated with higher formation of TCOD/ TCDF. 

In this case, the association must be considered mild because the percentage of 

total variation accounted for by the estimated regression models never exceeded 

18 percent. 

7.1.3 Chlorine Dioxide Substitution 

The substitution of Cl02 for Cl2 in the C-Stage of bleaching produced 

slight reductions in average TCDO/TCOF formation (Table 7-5), the regression 

trends being statistically significant at below the 2 percent level . However , 

the regression models accounted for a t most 16 percent of the total variation 

in TCOO/TCDF mass exports, and since very few mills substituted Cl02 for more 

than 30 percent of their chlorine usage, the regression trends cannot be reliably 

extrapolated to predict reductions of TCOO/TCOF formation at higher Cl02 

substitution rates. It vas also seen in Table 7·1 that mills that did not use 

any Cl02 exhibited tre~~endous variation in TCDO/TCDF mass exporu . Hence . 

substitution of Cl02 for Cl2 was not by itself an adequate predictor of TCDO/TCDF 

reduction. Use of Cl02 may help, however, to reduce TCDO/TCDF formation when 

considered in conjunction with other reduction strategies. 

7.1.4 Use of Oxygen in Bleaching 

Mills that use oxygen in the bleaching process exhibited a slight but 

statistically significant trend toward reduction of TCOD/TCOF with increased 
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oxygen applicacion. However, this trend was wholly actributable co chose four 

kraft mills chac used oxygen delignification methods ac the time of che 104 Mill 

Study (Table 7-2). Furthermore, the same four mills also tended to have higher 

substitution rates of Cl02 for Cl2 , so it cannot be determined whether che lower 

export rates of TCDD/TCDF observed at these mills were attributable to oxygen 

delignification, chlorine dioxide subscitution, or some combination of both. 

Use of oxygen in other applications was not staciscically correlated with 

TCDD/TCPF mass formacion. 

7.1.5 Differences in Wood Types 

Due co limicacions of the scudy design, softwood and hardwood bleach lines 

could not be systematically analyzed for differences in TCDD/TCDF mass formacion . 

However, it was observed chat greater amounts of chlorine were generally appl •ed 

co softwood pulps than hardwood pulps per ton of pulp processed, and that che 

average Kappa numbers of softwood pulps were cypically much higher than che Kappa 

numbers of hardwood pulps (Figures 7-10 and 7-ll). Boch of these observations 

were consistent with known differences in the.bleaching praccices of softwood 

versus hardwood pulps . 

7.2 SUMMARY 

To summarize, the most consistently significant independent variables were 

those involving chlorine application in the C-stage of bleaching: Cl2 and Cl2 

Equivalent. Variables measuring the chlorine multiple (also known as the Kappa 

factor) were also positively associated with TCDD/TCDF formation, though the 

correlations were weaker. Substicution of chlorine dioxide for Cl2 was 

associated with slight reductions in TCDD/TCDF formation. However, since very 

few mills reported Cl01 substitution rates of mora than 30 percent at the time 

of the study, the effect of higher chlorine dioxide substitution rates could not 

be gauged with any precision. 

Barring more detailed information on chemical usage patterns and mill 

process characteristics, the data at hand preclude the fitting of very precise 

predictive ·~odels. While other variables might significantly impact che 
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formation of 2378-TCDD/TCDF, in the 104 Kill Study only those measuring chlorine 

application rates were consistently l~nked to TCDD/TCDF formation at pulp mills . 
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TABLE 7-1. SUMMARY STATISTICS: BREAKDOVN BY Cl02 USAGE 

l<MFT MILLS ONLY 

Adjusted Adjusted Adjusted TCDD 
UQz-=-Q Total TCDD Total TCDF Toxic EguivaleRt 

N 27 27 27 

Minimum 0.186 0 . 748 0 . 260 
Maximum 16.337 299.613 43 . 026 
Mean 4.110 27.940 6.904 
Standard Dev. 4 . 260 61.417 9.433 
Median 2 .433 8.228 3.256 

Adjusted Adjusted Adjusted TCDD 
~.2....Q Total TCDD Total TCDF Toxic Equivalent 

N 52 52 52 

Minimum 0.066 0 .147 0.081 
Maximum 30.556 953 . 875 118.722 
Mean 5 . 331 59.818 11. 313 
Standard Dev. 6.152 149.441 19.996 
Median 3.437 16 . 088 4.963 

Adjusted Total - lbs/ton ADBSP * 108 

Adjusted TCDD Toxic Equivalent - lbs/ton ADBSP * 108 
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TABLE 7 - 2 . SUMMARY STATIST.ICS: BREAKDOWN BY 0 2 USAGE 

KRAFT MILLS ONLY 

Adjusted Adjusted Adj usted TCDD 
Qz-=-.Q Total TCDP Total TCDF Toxic Equival ent 

N 34 34 34 

Minimum 0.117 0.363 0 . 153 
Maximum 13.065 299.613 43.026 
Mean 3 . 764 27 . 054 6.469 
Standard Oev . 3.603 55.415 8.492 
Median 2.068 7.946 2.807 

02 > 0 Adjusted Adjusted Adjusted TCDD 
Extraction Total TCDD Total TCDF Toxic Equivalent 

N 43 43 43 

Minimum 0 . 124 0.450 0.283 
Maximum 30 . 556 953 . 875 118.722 
Mean 6.028 68.447 12.872 
Standard Oev. 6.659 163 . 044 21.668 
Median 3.589 15.778 5.153 

02 > 0 Adjusted Adjusted Adjusted TCDD 
De lignification Total TCDD Total TCDF Toxic Equivalent 

N 2 2 2 

Minimum 0.066 0.147 0.081 
Maximum 0.960 1 . 747 1.135 
Mean 0.513 0.947 0.608 
Standard Dev. 0.632 1.131 0.745 
Median 0.513 0.947 0.608 

Adjusted Total • lbs/ton ADBSP * 108 

Adjusted TCDD Toxic Equivalent · lbs/ton ADBSP * 108 
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FIGURE 7- l 

Cl2 vs. ADJUSTED TOTAL TCDD 
KRAFT MILLS ONLY 
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FIGURE 7- 2 

Cl2 vs. ADJUSTED TOTAL TCDF 
KRAFT MILLS ONLY 
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FIGURE 7- 4 

Cl2 MULTIPLE vs. ADJUSTED TOTAL TCDD 
KRAFT MILLS ONLY 
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· FIGURE 7-S 

Cl2 MULTIPLE vs. ADJUSTED TOTAL TCDF 
KRAFT MILLS ONLY 
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FIGURE 7- 6 

Cl2 MULTIPLE vs. ADJUSTED TCDD TOXIC EQUIVALENT 
KRAFT MILLS ONLY 
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FIGURE 7-7 

% Cl02 SUBSTITUTION vs. ADJUSTED TOTAL TCDD 
KRAFT MILLS ONLY 
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FIGURE 7- 8 

% C102 SUBSTITUTION vs. ADJUSTED TOTAL TCDF 
KRAFT MILLS ONLY 
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TABLE 7-3. REGRESSIONS OF CHLORINE USAGE (KRAFT MILLS ONLY) 

Cl2 vs . Ad1usted Total TCDP Clbs/ton APBSP)*l08 

Equation: Log10(Total TCDD) • -0.462 + 0.010 * Cl2 

R2 - .317 
Adjusted R2 

- • 308 
S.E. of Regression- 0.461 

Constant 
Independent 

Standard Error 
0.160 
0.002 

t Statistic 
-2.890 
5.902 

p-Value 
0.005 
0.000 

Cl2 vs. Ad1usted Total TCDF Clbs/ton APBSP>*l08 

Equation: Log10(Total TCDF) • 0.179 + 0.011 * Cl2 

R2 - . 206 
Adjusted R2 - . 195 
S.E. of Regression- 0.641 

Constant 
Independent 

Stand4rd Error 
0 . 223 
0.002 

t Statistic 
0.804 
4.405 

p-Value 
0 . 424 
0 .000 

Cl2 ys. Ad1usted TCDP Toxic Equivalent Clbs/ton ADBSP>*l08 

Equation: Log10(TCDD Toxic Equivalent) - -0.262 + 0.010 * Cl2 

R2 - . 271 
Adjusted R2 

- • 261 
S.E. of Regression- 0.514 

Constant 
Independent 

Standard Error 
0 . 178 
0.002 
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t Statistic 
-1.466 
5.275 

p-Value 
0.147 
0.000 



TABLE 7-4. REGRESSIONS OF CHLORINE MULTIPLE (KRAFT MILLS ONLY) 

Cl 2 Multiple vs. Ad1usted Total TCDD Clbs/ton APBSP)*l08 

Equation: Log10(Total TCDD) • -0.343 + 4.280 * Cl2 Multiple 

R2 
- .181 . 

Adjusted R2 - .170 
S.E. of Regression- 0 .506 

Constant 
Independent 

Standard Error 
0.203 
1.064 

t Statistic 
-1. 685 
4 .023 

p-Value 
0.096 
0.000 

Cl2 Multiple vs. Ad1us t ed Total TCDF Clbs/ton ADBSP)*l08 

Equation: Log10(Total TCDF) • 0.221 + 4.968 * Cl2 Multiple 

R2
- .153 

Adjusted R2 
- .141 

S.E. of Regression- 0.651 

Constant 
Independent 

Standard Error 
0 . 262 
1.369 

t Statistic 
0.843 
3.629 

p-Va1ue 
0.402 
0 . 001 

Clz Multiple vs. TCDD Toxic Equivalent (lbs/ton APBSP>*l08 

Equation: Log10(TCDD Tox. !q.) • -0.166 + 4.413 * Cl2 Multiple 

R2 • .167 
Adjusted R2

- .156 
S.E. of Regression- 0 . 549 

Constant 
Independent 

Standard Error 
0.220 
1.154 
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t Statistic 
-0 . 752 
3.825 

p-Va1ue 
0 .455 
0.000 



TABLE 7·5. REGRESSIONS OF Cl02 SUBSTITUTION (KRAFT MILLS ONLY) 

Cl02 Substitution vs. Ad1usted Total TCDD (lbs/ton ADBSP)*l08 

Equation: Log10(Tota1 TCDD) • 1.157 · 0. 708 * Log10(%. C102 Sub.) 

R2 • .160 
Adjusted R2 

- .143 
S.E. of Regression- 0.538 

Constant 
Independent 

Standard Error 
0.244 
0.230 

t Statistic 
4.732 

·3.081 

p-Value 
u.ooo 
0.003 

C102 Substitution vs. Ad1usted Total TCDF <lbs/ton APBSP)*l08 

Equation: Log10(Tota1 TCDF) • 1. 961 · 0. 792 * Log10 (%. C102 Sub.) 

R2 
- .117 

Adjusted R2 - .100 
S.E. of Regression- 0.718 

Constant 
Independent 

Standard Error 
0.326 
0.307 

t Statistic 
6.009 

·2 .579 

p-Va1ue 
0.000 
0.013 

C102 Substitution vs. TCDD Toxic Equivalent <lbs/ton APBSP)*l08 

Equation: Log10(TCDD Tox. Eq.) • 1.362 · 0 .700 * Log10(X C102 Sub.) 

R2 
• . 133 

Adjusted R2 • .115 
S.E. of Regression- 0.593 

Constant 
Independent 

Stanciard Error 
0.269 
0.253 
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t Statistic 
5.057 

-2 .764 

p-Value 
0.000 
0.008 
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FIGURE 7- 10 

Cl2 vs. ADJUSTED PULP TCDD 
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APPENDIX A: DATA LISTINGS 

A-1. 104 Mill Data Listing 127 

Variables: 
Company 
City 
State 
Pulping Process 
Treatment - Wastewater Treatment Type 
TSS - Total Suspended Solids Concentration 

A-2 . TCDD/ICDF Concentration Qata 

A-3. TCPP/TCPF Field Duplicates 

A-4. TCPP/TCPF Lab Duplicates 

Variables : 
Company 
City 
State 
Sample ID • Sample Identification Number 
Sample Date · Date sample was procured 
TCDD ·Concentration of 2,3,7,8 -TCDD 
TCDD Date - Lab analysis date for TCDD 
TCDF · Concentration of 2,3,7,8-TCDF 
TCDF Date • Lab analysis date for TCDF 
Lab · Laboratory that performed the analyses 

126 

129 

139 

141 





Gaylord Container Corp . 
Wil amat ta Industria• 
Alaska Pulp Co . 
Badaar Paper Hilla, Inc . 
Kimberly-Clark Corp. 
Lincoln Pulp and Paper 
Wauaau Paper Hilla Co . 
Gi .lJIIan Paper Co. 
Gul! St ataa Paper Corp. 
B~armill Paper Co . 
B~armill Paper Co. 
International Paper Co. 
International Paper Co . 
International Paper Co. 
International Paper Co. 
International Paper Co . 
International Paper Co . 
International Paper Co . 
International Paper Co . 
International Paper Co . 
IIT-Rayoniar , Inc . 
I!T-Rayoniar , Inc . 
I!T-Rayoni ar , Inc . 
I!T-Rayoni ar , Inc . 
Jamaa Ri ver Corp . 
J amaa River Corp . 
J .. aa River Corp . 
James Rivar Corp . 
J ... a Rivar Corp . 
J ... a River Corp . 
J amaa Rivar Corp . 
Laa! Ri var Foraat Products 
Lonavi .. Fibre Co . 
Katchikan Pulp & Papar Co . 
Louisiana Pacific C.orp . 
Maad Corporation 
Maad Corporation 
Maad Corporation 
Nakooaa Papara , Inc. 
Nakooaa Papers , Inc . 
Nakooaa Papera. Inc . 
Panntach Papers. Inc. 
Popa & Talbot, Inc. 
Potlatch Corp. 
Potlatch Corp. 
Potlat ch Corp. 
Alabama Ri var Pulp 
Appl aton Papera , Inc . 
Boiaa Caacada Corp . 
Boi aa Caacada Corp . 
Boi aa Caacada Corp . 
Boiaa Caacada Corp . 
Boi aa Caacada Corp. 
Boi aa Caacade Corp . 
Bowatar Corp . 
Bowatar Corp . 
Brunawick Pulp and Paper 
Buckaya Calluloaa 
Buckaya Calluloaa 
Champi on International 
Ch.np1on International 
Champi on International 
Champion International 
Champi on International 
Ch~1on International 
Cha .. paaka Corp . 
Containar Corp. o! Amarica 
Pantair , Inc. 
Fadaral Papar Board Co. 

A-1. 104 ICI1J. DAtA LISTDG 

Antioch 
s-••ville 
Sitka 
Paahtiao 
Coosa Pinaa 
Lincoln 
Brokaw 
St . Marya 
Oeeopolia 
Erie 
Sa.lJIIa 
Baatrop 
Gaoraatown 
Jay 
Hobila 
Hoas Point 
Natchez 
Pina Bluff 
Ta..:arkana 
Ticondaroaa 
Fernandina Beach 
Boqui .. 
Jeaup 
Port Anaalea 
Bar lin 
c .... 
Clataltania 
Graan Bay 
Ol d Town 
St . Francaavilla 
Butler 
N .. Auauata 
Lonavi .. 
ICatchiltan 
Samoa 
Chillicot.ha 
Eacana.ba 
!Cine aport 
Aahdown 
Nakooaa 
Port !dwa.rda 
Jobnaonbuza 
Balaay 
Cloquet 
L .. iaton 
MeGbaa 
Claiborne 
Rouina Sprinaa 
Jacltaon 
Daridder 
St . Balan• 
lbaford 
Wallula 
International Falla 
Catawba 
Calhoun 
Brunawiclt 
Parry 
Oalethorpa 
LuQin 
Courtland 
Quilmaaac 
Can to-t 
Bouaton 
Canton 
Weat Point 
Brewton 
Pult Falla 
Auauata 
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CA 
ICY 
AIC 
WI 
AL 
HE 
WI 
GA 
AL 
PA 
AL 
LA 
sc 
HE 
AL 
MS 
MS 
AR 
TX 
NY 
FL 
WA 
GA 
WA 
N8 
WA 
OR 
WI 
HE 
LA 
AL 
MS 
WA 
AIC 
CA 
OB 
HI 
TN 
AR 
WI 
WI 
PA 
OR 
!"'f 
ID 
AR 
AL 
PA 
AL 
LA 
OR 
HE 
WA 

"" sc 
T!l 
GA 
FL 
GA 
TX 
AL 
HI 
n 
TX 
NC 
VA 
AL 
WI 
GA 

Pul pina 
lt.2.s..u1 

Kraft 
J(ra!t 
Sul!i te 
Sul!ita 
Kraft 
Kraft 
Sul!ita 
Kraft 
Kra!t 
Kra!t 
K.ra! t 
Kraft 
Kraft 
Kraft 
Kra!t 
Kraft 
Kraft 
Kraft 
Kraft 
Kraft 
Sul!ita 
Sul!i ta 
Kraft 
Sul!ita 
Kraf t 
IC/ S 
Krat t 
Sul!ita 
Kraft 
Kra!t 
Kraf t 
Kraf t 
Kra!t 
Sul!ita 
Kraft 
Krat t 
Kratt 
Soda 
Kraft 
Kratt 
SulUta 
Kraft 
Kraft 
Kraft 
Kra!t 
Kratt 
Kratt 
Kraft 
Kraft 
Kraft 
Kraft 
Kratt 
Kraft 
Kratt 
Kraft 
Kzaft 
Kza!t 
Kzaft 
Kzaft 
Kzaft 
J(raft 
J(raft 
Kzaft 
!Craft 
!Craft 
Kraft 
!Craft 
Sul!ita 
Kraft 

Iraatmant 

ACT 
ASB 
ACT 
ACT 
ASB 
ACT 
ACT 
ASB 
ASB 
POTW 
ASB 
ASB 
ASB 
ACT 
ASB 
ASB 
ACT 
ASB 
ASB 
ACT 
ASB 
ACT 
ASB 
ACT 
ACT 
ASB 
ACT 
POTW 
ACT 
ASB 
ASB 
ACT 
ACT 
ACT 
ROlf! 
ACT/ASB 
ACT 
ASB 
ASB 
ACT 
ACT 
ASB 
AS! 
POTW 
ASB 
ASB 
ACT 
ACT 
ASB 
ASB 
POTW 
ACT 
ASB 
ACT 
ASB 
ASB 
ASB 
ASB 
AS~ 

ACT 
ASB 
ACT 
ASB 
ACT 
ACT 
ACT 
ASB 
ACT 
ASB 

I SS <g il) 

68 . 00 
143 . 80 

75 .00 
125.15 

18 . 80 
48 . 40 
39.20 
69.50 
80.80 

203 . 10 
60 . 00 
81. so 

117.00 

101.00 
57.20 

llS . 00 
71.00 

s . 8o 
ss .so 

200.40 
75 . 80 
26 .07 

273 .00 
47 .00 
78 . 60 

177 . 15 
127 . 00 

35 . 60 
17 . 60 
46 . 00 
47 . 20 

243 . 60 
96.70 

14 . 40 
88.00 
20.80 
36 . 00 

42.85 
13.90 

129.00 
125 . 60 
21.00 
86 . 50 
14 . 40 
19 . 00 
58.70 
59 .00 
69.60 

13 . 00 
25 . 20 
45 . 60 
38 . 80 
20 .30 

22 . 60 
31. 70 
27 . 20 
24 . 90 
22 . 40 
93.80 
12 .80 
98 . 30 

101 .20 



A-1. 104 IIILL DAJA ListDG (a.fmull)) 

Pulp in& 
Compapy ~ ~ l!w.1!! Trestment ISS ,!!l&,ll 
Federal Paper Board Co. lUes elwood IIC Kraft ASB 44.40 
Finch Pruyn & Co ., Inc. Glen• Falla IIY Sulfite AC! 26 . 80 
Georaia-Paci!ic Corp. Belli nab- WA Sulfite ASB 
Georaia-Paci!ic Corp. Crouat AR lra!t At:.T 41.80 
Georaia-Paci!ic Corp . Palatka FL !Craft ASB 8.20 
Georaia-Paci!ic Corp. Woodland HE lra!t ASB ~6.80 
Georaia-Pacific Corp. Zachary LA lra!t ASB 130.00 
P.B. Glatfelter Co. Sprina Grove PA Kraft At:.T 42.00 
Proctor & G.mble Co. Mehoopany PA Sulfite ACT 127.60 
Scott Paper Co. Everett WA Sulfite At:.T 30.19 
Scott Paper Co. Mobile AL Kraft At:.T 47 . 70 
Scott Paper Co . Bincltley HE Kraft At:.T 70.00 
Scott Paper Co. Hualteaon HI Kraft POTW. 
Scott Paper Co. Weatbroolt HE Kraft At:.T 104.20 
Simpaon Paper Co . Andaraon CA Kraft ASB 35 . 80 
Simpaon Papar Co. Fairhaven CA !Craft NONE 137.00 
Simpaon Paper Co. Paaadena TX !Craft At:.T 880 .00 
Simpaon Papar Co. Tacau WA Kraft AC1 46.40 
St . Joe Paper Co. Port St. Joa FL Kraft POTW 
Stona Container Corp. Hiaaoula HT Kraft ASB 
Stone Container Corp. Panama City FL Kraft POTW 108 .80 
Stone Container Corp. sn-!lalte AZ 'Kraft POliO 
Tample-Eaatex , Inc. Evadale TX 'Kraft ASB 26 . 20 
Union C-.p Corp. Eaatover sc Kraft ASB 1. 80 
Union C-.p Corp . Franklin VA !Craft ASB 60 . 00 
Waatvaco Corp. Covina ton VA 'Kraft At:.T 46.30 
Waatvaco Corp . Luke l't) Kraft POTW 56.80 
Weatvaco Corp . Wickliffe rt 'Kratt ASB 33 . 70 
Weyerbauaar Co. Coamopolia WA Sul!ita At:.T/ASB 121.40 
Wayarbauaer Co. Evaratt WA Kraft ASB 17 . 70 
Wayarhauaar Co. Lonavi- WA 'Kraft At:.T 45.80 
Wayarhauaar Co. 11- Bam NC !Craft ASB 14.00 
Wayarhauaer Co. Plymouth JC Kraft ASB 15.20 
Weyarhauaar Co . Rothchild WI ·sul!ite At:.T 27 . 20 
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A- 2 . 1'CD0/1'CDP ua:DIIATI~ DATA 

-
HATRIX•I'VLP (ppt.) 

IWtiMJ(I) 

COIIIDanY au State S!!!il• ID s-ell l!•te 19m ICDQ Data IfQf I CDF Data 1..!!! 
Wil.mat ta lnduatriaa Ha.-aavllh KY H63PAC 10/28/88 0 . 30 12/30/88 1. 10 12/30/88 wsu 
Wil.matta lnduatriaa u ..... vtlh ICY H63PBC 10/28/88 0 . 50 12/30/88 1. 90 12/30/88 wsu 
Badaar · Paper Hilla , Inc . P .. httao WI H46PC 07/22/88 4.40 12/16/ 88 323 .00 12/16/ 88 wsu 
1Ctmbarly -Clark Corp . Cooaa Pinal AL H36PAC 08/ 26/ 88 0 . 30 12/02/88 1.00 12/ 02/88 wsu 
Wauaau Paper Hilla Co . Brokaw WI H~4PC 07/ 22/ 88 0 . 40 12/09/ 88 9 . 90 12/09/ 88 wsu 
Gt i.JIIan Peper Co. St. Harya GA H55PAC 09/ 02/88 2 . 80 12/09/ 88 6 . 80 12/ 09/ 88 wsu 
Hamman.tll Paper Co. Erla PA H103PC 06/ 19/ 88 6 . 40 11 / 11 / 88 22 .00 11/ 11/ 88 wsu 
H-rat ll Peper Co. Salaa AL H88PAC 06/26/88 2 . 10 12/ 16/88 21.00 12/ 16/ 88 wsu 
lntarnattonal Paper Co . Baatrop LA H85PAC 06/20/88 5. 10 12/16/88 22 . 00 12/16/88 wsu 
Intarnattonal Paper Co . Baatrop LA H85PAC1 06/20/88 5. 70 12/16/88 23 .00 12/16/88 wsu 
International Paper Co . Gaoraatown sc H70PBC 07/16/88 1. 90 12/09/88 7.70 12/09/88 wsu 
International Paper Co . J ay HE RG186367 55 . 70 04 / 21 / 87 181 . 00 04/21/87 wsu 
International Paper Co . J ay HE RG186367 46 . 70 08/19/87 183 . 00 08/ 19/87 wsu 
lntarnattonal Paper Co . Hoblla AL H11PIIC 10/24/ 88 3 . 50 12/ 30/ 88 14 . 00 12/30/ 88 wsu 
International Paper Co . Hoaa Point HS H34PBC 06/ 07/ 88 15 . 00 11/ 11/ 88 105 . 00 11/ 11/ 88 wsu 
International Paper Co . ltatchaa HS H97PIIC 08/ 12/ 88 2 . 20 06/30/ 89 3 . 00 06/ 30/ 89 CAL 
International Paper Co . ltatchu HS H97P11 08/ 12/ 88 3 . 60 11/ 03/ 88 15 . 00 11/ 03/ 88 CAL 

..... International Paper Co . Ptna Bluff AR H51PAC 06/ 17/ 88 21.00 11/ 18/ 88 641 . 00 11 / 18/ 88 wsu 
N 
\0 International Peper Co. Pine Bluff AR H51PAC 06/17/88 23.00 11/ 18/88 661.00 11/18/88 wsu 

International Paper Co. Texarkana TX H99PAC 08/06/88 7.10 12/23/88 51.00 12/23/88 wsu 
Intern a t i onal Paper Co . Ttcondaroa• NY H9PAC 06/24/88 16.00 11/04/ 88 103 . 00 11/04/88 wsu 
International Paper Co. Ticondaroaa IIY H9PAC 06/24/88 17.00 '11/04/88 108.00 11/04/88 wsu 
ITT- Rayonlar, Inc . Fernandina Beach FL H90PC 07/07/88 0 . 20 12/30/ 88 0 . 50 12/ 30/ 88 wsu 
J .. •• Rlvar Corp . Barlln IIH H89PIIC 08/19/ 811 3 . 30 11/04 / 88 41 ' 00 11 / 04/ 88 wsu 
J..aa Rlvar Corp. c .... WA H32PIIC 0.30 11 / 04 / 88 0 . 90 11/ 04/ 88 wsu 
J ... a River Corp. Graan Bay WI H72PC 0 . 80 11/ 25/ 88 7 . 10 11/ 25/ 88 wsu 
J ... l Rlvar Corp. Butler AL H96PAC 06/ 16/88 3 . 30 11/ 04/ 88 19 . 00 11/ 04/ 88 wsu 
Jamal Rtvar Corp. Butler AL H96PCC 06/16/ 88 3 . 70 12/ 23/88 30 . 00 12/23/ 88 wsu 
Laaf Rtvar Foreat Pr oduct• 11- Auau•t• HS H35HPC60 02/27/88 3.80 04/19/ 89 7. 70 04 / 19/ 89 CAL 
Head Corporation Chillicothe Oft D£026003 10/18/86 0.60 15.00 wsu 
Head Corporation Eacanaba HI HP105 12/15/87 18.00 03/09/88 68.00 03/09/88 CAL 
Head Cor poration Eacanaba HI HP106 12/15/87 15 .00 03/21 / 88 39 . 00 03/21/88 CAL 
Head Corporation ICtnaaport TN H73PC 06/ 06/88 1. 50 11/11 / 88 26 . 00 11/ 11/88 wsu 
Naltooaa Papera , Inc . Port Ed.-arda WI H50PC 06/1 7/88 0 . 40 11 / 18/ 88 4 . 10 11/18/ 88 wsu 
Naltooaa Papara, Inc . Aahdown AR H20 PAC 10/ 08/ 88 2 . 80 12/23/ 88 27 . 00 12/23/88 wsu 
Pennt ach Papera, Inc . Jobnaonbura PA H57PC 08/ 01/ 88 3 . 10 12/ 09/ 88 38 . 00 12/09/ 88 wsu 
Potlatch Corp. Cloquet Hll H38PC60 09/24/ 88 1.20 01/12/89 5. 00 01/ 12/89 CAL 
Potlat ch Corp. HcGhaa AR H18PIIC 07/ 15/ 88 12.00 12/02/ 88 83 . 00 12/02/88 wsu 
Alabama River Pulp Claiborne AL H21PC 06/07/ 88 3.90 11/11/ 88 97 . 00 11/ 11/ 88 wsu 
Alabama River Pulp Claiborne AL H21PC1 06/07/88 3 . 80 11/11/88 98 , 00 11/11/88 wsu 
Appleton Papara, Inc. Roartna Sprina• PA H13PC40 06/26/88 1. 00 11/03/88 21 . 00 11/03/88 CAL 
Bot ae Cascade Corp . Rumford HE H82PBC 06/02/88 17 . 00 11/11/88 111.00 11/11/88 wsu 
Bot aa Caacada Corp . International Falla Hll D£020904 06/25/ 86 4 . 90 47 .00 WSU 

Botaa Caacada Corp . Internati onal Fa lla Hll 0[020905 06/ 25/ 86 3 . 00 50 .00 WSU 
Bruna.-i ck Pulp and Papar Bruna.-i ck GA H87PBC 08/ 26/ 88 1. 90 11 /n/88 3. 50 111n/88 wsu 
Brunawi ck Pulp and Paper Brunswick GA H87PBC1 08/ 26/ 811 1. 60 11/25/88 2 . 90 11 /2~/88 wsu 
Champion International Courtland AL H40PAC 06/24/ 88 3 . 50 11/ 18/88 7. 60 11 / 18/118 wsu 
Champion International Quinnaaac HI Q7P ' 12/15/ 87 •7. 70 03/09/88 ~0 . 00 03/09/ 88 CAL 
Champion International Quinnesec HI Q9P 12/15/87 7 .80 03/09/88 45. 00 03/09/88 CAL 

Champi on lntarnat.onal Cantonment FL CPH300 01/15/88 0 . 70 09/30/88 4 . 10 09/30/88 wsu 
Champion I nternatlonal Cantonment FL CPH300 01/15/88 1. 00 03/2 1/88 0 . 70 03/ 21 / 88 CAL 

Champi on International Canton NC H47 B 100 - 500 04/21/88 6 .00 07/0 1/ 88 9 . 90 07/0 1/ 88 WSIJ 

Champi on International Canton HC t147D100-500 04/ 21/ 88 5.80 07/ 01 / 88 10 . 00 0 7/ 01 / 88 wsu 
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Cheaepeake Corp . w .. t Point VA H74PC90 12/04/88 8 . 30 02/17/89 14 . 00 02/17/ 89 CAL 
Pantel r, Inc. Perk Felh WI H25PC 07/04/88 0 . 50 11125/ 88 0 . 90 11/ 25/88 wsu 
Federal Paper Board Co. Auauata GA H83PAC 06/10/88 2 . 40 11/11/ 88 7. 90 11 / 11 /88 wsu 
Federal Peper Board Co . Auauate GA H83PBC 06/10/88 4 .90 12/16/ 88 15 .00 12/16/ 88 wsu 
Federel Paper Board Co . Rieaelwood ltC H16PDC 12/13/88 3 .20 01/ 17/89 l. 30 01/ 17/89 wsu 
Federal Peper Board Co. Rieaelwood ltC H16PDC 12/13/88 3 .30 01/17/89 1 .50 01/17/89 wsu 
Finch, Pruyn 6 Co., Inc . Glen• Falla NY H41PC 01/13/89 0 . 30 02/ 24/89 0.30 02/24/89 wsu 
Georaia- Pecific Corp . Croeaet AR H68PAC 09/02/88 6 .00 11/25/88 59 .00 11/25/88 wsu 
Georaie-PaclfLc Corp . Palatka FL H24PAC 07/05/88 0 . 50 11/18/88 0 .90 11/ 18/88 wsu 
Geora1a-Pac1f1c Corp. Woodland HE H17PC 07/22/88 0 . 40 12/23/88 0 . 90 12/23/88 wsu 
Georata- Paclflc Corp. Z:achary LA H1PAC 07/21/88 16 .00 11/25/88 539.00 11/25/88 wsu 
Georaie- Paclfic Corp. Z:achery LA H1PBC 07/21/88 5.20 11/25/88 78 .00 11/25/88 wsu 
P .H. Glatfelter Co. Spdna Grove PA H64PC60 10/28/88 0 . 40 01/12/89 2.20 01/12/89 CAL 
Proctor 6 G..bla Co. Mehoopany PA H42PC 07/06/88 2 . 00 12109/88 1 . 10 12/09/88 wsu 
Scott Paper Co. Hoblle AL H26PC190 01/13/89 0 . 60 04/19/89 0 . 80 04 / 19/89 CAL 
Scott Peper Co. Hinckley HE H61PCA 06/28/88 l. 90 11/111/88 10 .00 11/18/88 wsu 
Scott Paper Co. Huakeaon HI H92PC 06/13/88 0.30 11/ 11/88 1 00 11/ 11/88 wsu .... Scott. Peper Co . Huakeaon HI H92PC 06/13/88 0 . 40 11/11/88 1 . 40 11/11 / 88 wsu 

w Scott Paper Co . Weatbrook HE H30PAC 06/30/88 4 . 20 11/18/ 88 16 .00 11/ 18/88 wsu 
0 

Si•p•on Paper Co. Pea adena TX H2PBC 10/08/88 4 . 50 12/ 23/88 11 .00 12/23/88 wsu 
Stone Container Corp. Pan ... City FL H102PC 07/19/88 0 . 10 12109/88 6 .60 12/ 09188 wsu 
T.-ple- Eaatea, Inc. Evadale TX H3PBC 07/28/88 3 . 10 11/25/88 6 . 30 11 / 25/88 wsu 
Temple-Eaatea, Inc. Evadale TX H3PDC 07/28/88 4 . 10 01/17/89 13 .00 01/17/89 wsu 
Union Camp Corp . !aatover sc H93PBC 07/22/88 0 . 40 12123/88 1.30 12123/88 wsu 
Union c-p Corp . Franklin VA UCH600 05/08/88 1 . 10 11/03/88 2 . 10 11/03/88 CAL 
Union c-p Corp . Franklin VA UC0400 05/08/88 3 . 20 01/03/89 3.60 01/03/89 CAL 
Weatvaco Corp. Covina ton VA H28PBC 07/19/88 6.20 12/02/88 49 .00 12/02/88 wsu 
Weatvaco Corp. Covina ton VA H28PCC 07/19/88 5 . 90 01/17/89 19 .00 01/17/89 wsu 
Weatvaco Corp. Wickliffe lY H78PBC 07/23/88 2 . 10 12/09/88 25 .00 12/09/88 wsu 
Weyerhauaer Co. Lonav1ew WA H45PBC 0&/02/88 1.10 12102/88 20 .00 12/02/88 wsu 
Weyerhauaer Co. Rothchild WI H29PC 08/12/88 15.00 12/09/88 26 .00 12/09/88 wsu 

SOI"NQ) 

ConopanY £l.!:x State Sample ID s-pla Data ~ TCDD Date !£Q[ TCDF Data .!...!!?. 

Gaylord Container Corp. Antioch CA H106PAC 10/15/88 32 .00 12/23/88 969.00 12/23/ 88 wsu 
Al .. ka Pulp Co . Slt.IU AK H5PC 08/27/88 0 . 70 12116/88 l. 40 12/16/88 wsu 
Kimberly- Clark Corp. Coou Pinu AL H36PBC 08/26/88 4 . 10 12102/88 7.30 12/02/88 wsu 
Kimberly- Clark Corp. Coote Plnea AL H36PCC 08/26/88 11.00 12/02188 38 .00 12/02/88 wsu 
Kimberly -Clark Corp. Cooaa Pin•• AL H36PDC 08/26/88 2 .60 12/02/88 3 .30 12/02/88 wsu 
Gilman Peper Co . St . Harya GA H5SPBC 09/02/88 3 . 70 12/09/88 12 .00 12/09/88 wsu 
Hammermi11 Paper Co. Selma AL H88PBC 06/26/88 4 . 70 12/16/88 22 .00 12/16/88 wsu 
International Paper Co. a .. trop LA H85PBC 06/20/88 6.30 12/16/88 42 .00 12/16/88 WSU 
International Paper Co. Georaetown sc H70PAC 07/16/88 9 .20 11/04/88 38 .00 11/04/88 wsu 
International Paper Co. Georaetown sc H70PAC1 07/16/88 11> . 00 11 / 04/88 41 .00 11 /04/ 88 wsu 
International Paper Co. Georaetown sc H70PCC 07/16/88 17 . 00 12/16/88 55 . 00 12/16/ 88 wsu 
Internetlonal Paper Co. Georaetown sc H70PCC1 07/ 16/ 88 16 . 00 12/16/88 52 .00 12/16/88 wsu 
International Peper Co. Jay HE RG1 - 86366 01/15/87 26 . 00 HO . OO wsu 
International Paper Co. Hoblh AL H71 PAC 10/24/88 21.00 12/30/88 106 . 00 12/30/ 88 wsu 
J etlonal Paper Co. Hon Point HS HJHAC 06/07/88 7. 30 11 / 11 / 88 36 . 00 11/ 11 / 88 wsu 



A-2. 1'CDO/lCDF caecOIIRAtiOI DATA ((XIrtiiiU!P) 

HURIX•PULP (ppt) 
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Intarnatlonal Paper Co . Plna Bluff AR H51P8C 06/17/88 5 .00 12/02/88 57 .00 12/02/88 wsu 
International Paper Co. Talladtana TX H99P8C 08/06/811 12 .00 12/23/ 88 81 .00 12/23/88 wsu 
International Paper Co. Tlcondaroa• NY H9PBC 06/24/88 31.00 11/04/88 18S . OO 11/04/88 wsu 
ITT·Rayonlar, Inc . HoquiiiiD WA H33PC 07/09/88 0.60 12/09/88 3 . 80 12/09/88 wsu 
ITT·Rayonlar, Inc . Jaaup GA TTP5 07124/88 0 .60 11/03/88 0 .80 11/03/88 CAL 
ltt·Rayonlar, Inc . Port Anaal .. WA H12PAC 07127/88 0 . 60 12/16/88 2 . 10 12/16/88 wsu 
J_.•• Rlvar Corp. Berlin NK H89PAC 08/19/88 32.00 11/04/88 1110 .00 11/04/88 wsu 
J ... a River Corp. c-•• WA H32PAC 0 .20 11/04/88 0 .60 11/04/88 wsu 
J..aa Rlvar Corp. c ... WA H32PCC 12 .00 11/04/88 152 .00 11/04/88 wsu 
J ... a River Corp . Clatakanla OR 86374612 10 .20 04/21/87 S4 . 30 04/21/87 wsu 
J..aa Rlvar Corp . Clatakanh OR 86374612 11.00 08/19/87 64 . 40 08/19/87 wsu 
J .. aa Rlvar Corp . Clatakania OR 86374661 12 .60 04/21/87 63 .90 04/21/87 wsu 
J .... Rlvar Corp . St. Francaavilla LA H52PAC 6.40 11/04/88 19 .00 11/04/88 wsu 
Jamaa Rlvar Corp . Butler AL H96P8C 06/16/88 1.20 11/04/88 1 . 40 11/04/88 wsu 
L••f Rlvar Foraat Product• 11 .. Auau•t• HS H35DPC60 02/27/88 14 .00 02/17/89 23 .00 02/17/89 CAL 
Leaf Rlvar Foraat Product• 11 .. Auau•ta HS H3"PC60 02/27/88 15 . 00 02/17/89 35 .00 02/17/89 CAL 
Lonaviaw Flbra Co . Lonavi .. WA H53P8C 06/29/88 4.70 12/02/88 18 .00 12/02/88 wsu 

t-' Lonavtew Flbra Co . Lonavi .. WA H53PAC 06129/88 4.80 12/02188 12/02/88 wsu 
\,.J 
t-' Lonavlew Flbra Co . Lonavlew WA H53PAC 06/29/88 4.40 06/19/89 28 .00 06/19/89 CAL 

Lonavlaw Flbra Co . Lonaview WA H53PAC D 06/29/88 4.70 06/19/89 26 00 06/19/89 CAL 
Ketchikan Pulp • Paper Co . Ketchikan AK H31PC 08/15188 0.30 12/09/88 0 . 30 12/09/88 wsu 
Louiaiana Pacific Corp. SIIIDDa CA H1PC10 11/20/88 9.10 01/12/89 S9 .00 01/12/89 CAL 
Head Corporation !acanaba HI HP15 12/15/87 25.00 03/09/88 116 .00 03/09/88 CAL 
Nakooaa Papara, Inc . Aahdown AR H20P8C 10/08/88 5.50 12/23/88 12.00 12/23/88 wsu 
Pop• • Talbot, Inc . Hahay OR H19PC 06/27/88 10.00 11/04/88 41 .00 11/04/88 wsu 
Potlatch Corp. Cloquet Hll H38PC70 09/24/88 2 . 40 01/12/89 1.90 01/12/89 CAL 
Potlatch Corp . L .. hton ID H56PC 07/26/88 25 .00 12/02/88 153 .00 12/02/88 wsu 
Potlatch Corp. L .. hton ID H56PC1 07/26188 27.00 12/02/88 147 .00 12/02/88 wsu 
Potlatch Corp. HcGhaa AR H18PAC 01/15/88 21.00 12/02/88 59 .00 12/02/88 wsu 
Alab111111 River Pulp Claiborne AL H21P8C 06/07/88 43.00 11/11/88 120 .00 11/11/88 wsu 
Bola• Caacada Corp . Darlddar LA H58PC 06/10/88 5.30 11/11/88 8 . 70 11/11/88 wsu 
Bol•• Caacada Corp . St. Halana OR H76PC70 02/24/89 6.SO 04/19/89 18 . 00 04/19/89 CAL 
Bolaa Caacada Corp. St. Hahn• OR H76PC60 06/27/88 4 .20 04/19/89 12 . 00 04/19/89 CAL 
Bola• Caacada Corp. St. Kahn• OR H76PC600 02/24/89 4 . 40 04/19/89 11 . 00 04/19/89 CAL 
Bot•• Caacada Corp. R..,ford HE H82PAC 06/02/88 116 .00 11/11/88 800 .00 11/11/88 wsu 
Bolaa Caacada Corp . Wallula WA H66PAC 07/15/88 56.00 11/04/88 1380 . 00 11/04/88 wsu 
Bolaa Caacada Corp . Intamatlonal Falla Hll DE020902 15.20 03/19/87 wsu 
Botaa Caacada Corp . Intarnatlonal Falla Hll DE020902 16.30 04/ 21 / 87 333 . 00 04/21 / 87 wsu 
Bowatar Corp . Catawba sc H23PC 06/17188 2.10 11/18/88 3 . 30 11/18/88 wsu 
Bowatar Corp. Calhoun TN H75PC 06/24/88 1 . 10 11/11/88 S3 . 00 11/11/88 wsu 
Brunawlck Pulp and Paper Brunawtck GA H87PCC 08/26/88 3 .60 11/2S/88 4 . 30 11/25/88 wsu 
Brunawtck Pulp and Paper Brunawlck GA H87PDC 08/26/88 8 . 30 11/ZS/88 12 . 00 11 / ZS/ 88 wsu 
Brunawtck Pulp and Papar Brunawlck GA H87PAC 08/26/88 6.30 11/2S/ 88 8 00 11/ 2S/ 88 wsu 
Brunawlck Pulp and Paper Brunawtck GA H87PAC1 08/26/88 6.10 11/25/88 9 . 40 11/25/88 wsu 
Buckeye Calluloaa Parry FL H91PC80 0 . 50 11/03/88 0 . 10 11/03/88 CAL 
Buckeye Callu1oaa Parry FL H91PC90 0 . 80 11/ 03/88 2 . 50 11/03/88 CAL 
Buckeye Calluloaa Oalathorpa GA H22PC40 07/23/88 0 . so 11/03/ 88 0 .90 11/ 03/ 88 CAL 
Champion International LuBin TX DF24410 . 12/03/86 • 1 . 00 1. 20 wsu 
Champion lntarnatlonal LuBin rx DF024411 3.89 04/21/87 7. 68 04/ 21/ 81 wsu 
Champion International LuBin rx OF024411 3 .99 08/19/87 7 90 08/19/87 wsu 
Champion International Courtland AL H40PBC 06/24/88 23 .00 11/18/ 88 102 00 11/18/88 wsu 
Champion International Canton111ant FL CPS300 01 / 1S/ 88 2 .00 09/30/ 88 2 . 20 09/30/ 88 wsu 
Champion lntarnatlonal Cant.on~~~ant FL CPS300 0 1/lS/88 2 .00 03/21 / 88 0 90 03/21/ 88 CAL 
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Champion International Cantoraent FL CPS302 01/15/88 4 . 90 03/21/88 1.10 03/21/88 CAL 
Ch.mpion International Bouat.on IX H1 5PC 10/07/88 4 . 90 12/23/88 6 .80 12/23/ 88 wsu 
Champion International Canton NC H47A100- 500 04/21/88 17 .00 07/01/88 27 .00 07/01/88 wsu 
Ch .. pion International Canton NC H47C100- 500 04/21/ 88 6 . 50 07/0 1/ 88 11 .00 07/01/88 wsu 
Ch .. pion International Canton NC H47C100- 500Q 04/21/88 4 . 60 10/06/88 5 . 50 10/06/88 wsu 
Federal Paper Board Co . Auauata GA H83PCC 06/10/ 88 7. 90 12/ 16/88 19 .00 12/16/ 88 wsu 
Federal Paper Board Co . Riaaelwood NC H16PAC 12/13/88 4 . 00 01/17/89 3 . 20 01/17/89 wsu 
Federal Paper Board Co . Rieaelwood NC HUPBC 12/13/88 4 . 30 01/17/89 4. 70 01/17/89 wsu 
Georaie-Pactfic Corp . Bellinah- WA H60PC 07/22/88 2 . 60 12/09/88 449 . 00 12/ 09/ 88 wsu 
Georaia- Paciftc Corp. Bellinah- WA H60PC1 07/22/88 3 . 50 06/19/89 409 .00 06/19/89 CAL 
Georaia - Pacific Corp. Croaaet. AR H68PBC 09/02/88 7 . 70 11/25/88 89 .00 11/25/88 wsu 
Georaie · Pacific Corp. Crouet AR H68PCC 09/02/88 19 . 00 11/H/88 308 . 00 11/25/88 wsu 
Gaoraia- Pacific Corp. Palatka FL H24PBC 07/05/88 0 . 50 11/18/88 2.40 11/18/88 wsu 
Georaie- Pacific Corp. Zachary LA H1PCC 07/21/88 27 . 00 11/25/88 632 .00 11/25/88 wsu 
P .H. Glatfelter Co. Sprina Grove PA H64PC50 10/28/88 3 .90 01/12/89 13 . 00 01/12/89 CAL 
P .H. Glatfelter Co . Sprina Grove PA H64PC50D 10/28/88 6 . 50 01/12/89 18 . 00 01/ 12/89 CAL 
Scott. Paper Co. Everett WA H80PAC 07/ 17/ 88 0 30 12/30/88 0 10 12/30/88 wsu 

..... Scott. Paper Co . Hoblle AL H26PC150 10/24/88 2 . 20 06/ 19/89 4 .30 06/19/89 CAL 
w Scott Paper Co . Hobile AL H26PC180 01/13/89 1. 70 04/ 19/89 2 . 20 04/19189 CAL N 

Scott. Paper Co . Iinck ley -H!. H61PCB 06/28/88 8 . 50 11/ 18/88 37 . 00 11/ 18/88 wsu 
Scott Paper Co . Binck1ey ' H!. H61PCB1 06/28/88 7 . 90 11/18/88 35 .00 11/18/88 wsu 
Scott Paper Co . w .. tbrook H!. HlOPBC 06/30/18 8 . 10 11/18/88 30 .00 11/18/88 wsu 
Siapaon Paper Co. Andaraon CA H98PC 06/24/88 49 . 00 11/ 11/88 2620 .00 11/11/88 WSIJ 
Simpaon Paper Co . Falrhaven CA H43PC60 08/06/88 20 . 00 11/03/88 106 .00 11/ 03/ 88 CAL 
Siapaon Paper Co . Pea adena rx HZ PAC 10/08/88 14 . 00 12/23/88 48 .00 12/23/88 wsu 
Simpaon Paper Co . r .. adena rx H2PAC1 10/08/88 18.00 12/23/88 66.00 12/23/88 wsu 
Si~aon Paper Co . Tac0111a WA H81PC 10/29/88 12 .00 12/30/88 38.00 12/30/88 wsu 
St. . Joe Paper Co . Port St. Joe FL H94PC 08/02/88 2.20 12/23/88 5 . 70 12/23/88 wsu 
Stone Container Corp. Hiuouh Ht H27PC 07/12/88 4 . 10 11/18/88 13.00 11/18/88 wsu 
Stone Container Corp. Snowflake A% H100PC 07/17/88 0 . 10 12/23/88 1.30 12/23/88 wsu 
r .. pla· !aatex, Inc. Evadale rx H3PAC 07/28/88 1 . 90 11/25/88 9.60 11/25/88 wsu 
t .. ple- Eaatex, Inc . Evadale rx HlPCC 07/28/88 7 .80 11/25/88 22 .00 11/25/88 wsu 
Union c-p Corp. Eaatover sc H93PAC 07/22/88 2 . 40 12/23/88 5 .60 12/23/88 wsu 
Union c-p Corp . Franklin VA UCA100 05/08/88 3 . 80 11/03/88 4 .20 11/03/88 CAL 
Union c-p Corp. Franklin VA UCS600 05/08/88 5. 20 11/03/88 5 . 70 11/ 03/ 88 CAL 
Union C1111p Corp . Franklin VA UCS6000 05/08/88 5. 40 11/03/88 6 .90 11/03/ 88 CAL 
Weatvaco Corp. Covina ton VA H28PAC 07/19/88 13 .00 12/02/88 105 .00 12/02/88 wsu 
Waatvaco Corp. Luke K) H62PC 06128/88 29 .00 11 /18/88 157 .00 11/18/88 wsu 
Weatvaco Corp. Wicklttre KY H78PAC 07/23/88 12 .00 12/09/88 55 .00 12/09188 wsu 
Weatvaco Corp. WicklUfe KY H78PACD 07/23/88 11 .00 12/09/88 54 .00 12/09/ 88 wsu 
Weyerhauser Co. Co11110polh WA H4PAC 08/06/88 1 .00 12/09188 6.30 12/09/88 wsu 
Weyerhauaer Co . CoaiDOpolh WA H4PAC1 08V06/88 12/09/88 6 . 40 12/09/88 wsu 
Wayarhauaar Co . Everett WA H79PAC OJ/24/88 3 . 40 12/16/88 16 .00 12/16/88 wsu 
Wayarhauaar Co . Lonavi- WA H45PAC 08/02/88 1 . 70 12/02/88 2 . 80 12/02/88 wsu 
Wayarhauaar Co . Lonsvi- WA H45PAC1 08/02/88 1 .60 12/02/88 2 . 80 12/02!88 wsu 
Weyarhauaer Co . Mew Bern NC H6PAC 08/13/88 7 . 50 11/1 8/88 45 .00 11/18/88 wsu 
Wayerhauaar Co . Plymouth NC H86PC80 02/13/89 14 .00 04/19/89 222 .00 04/19/89 CAL 
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Gaylord Container Corp. Antioch CA Hl06SC 10/15/118 101.00 01/03 /89 1570.00 01/03/89 CAL 
Alaaka Pulp Co. Sitka AX H5SC-1 011/271811 4.70 06/29/119 42 . 00 06/29/89 CAL 
Lincoln Pulp and Paper Lincoln HE HllSC 11/19/88 48 . 00 01/26/89 223 . 00 01/26/89 CAL 
Wauaau Paper Hilla Co. Brokaw WI H54SC 07/22/88 3 . 20 12/22/88 68 . 00 12/22/88 CAL 
Wauaau Paper Hilla Co. Brokaw WI H54SC 07/22/88 4.10 06/29/89 56 .00 06/29/89 CAL 
GulC Stataa Paper Corp. o_,polh AL HlOlSC 06/14/88 51 .00 12/06/811 12/06/88 CAL 
GulC Stataa Papar Corp. o_,polh AL H101SC 06/14/88 37 . 00 10/06/89 107.00 10/06/119 CAL 
a .... ~ill Paper Co. !rle PA H103SC 06/19/88 1.40 12/22/88 3 .00 12/22/811 CAL 
8 .... ~111 Paper Co. Erh PA H103SC 06/19/88 0 .90 03/ 01 /119 3 . 10 03/ 01 /119 CAL 
International Paper Co. Baatrop LA H85SC 06/20/88 140 .00 01/03/89 677.00 01/03/89 CAL 
International Papar Co. Georaatown sc H70SC 07/16/88 62 .00 12/06/118 161.00 12/06/88 CAL 
International Paper Co. Jay HE RGl-86397 01/15/117 500 . 00 2100 .00 wsu 
International Paper Co. Jay HE RG186387 193 . 00 04/21/87 1179 .00 04/21/87 wsu 
International Paper Co. Jay HE RG1863117 168.00 08/19/117 670 .00 011/19/117 wsu 
International Papar Co. Jay HE ROU6387A 191.00 08/26/117 762 .00 011/26/117 wsu 
International Paper Co. Jay HE RGU6387B 161.00 08/26/87 713 .00 011/26/87 wsu 
International Papar Co. Hoblla AL H71SC 10/24/88 1011 . 00 01/26/89 617 .00 01/26/89 CAL 
International Papar Co. Hou Point HS H34SC 06/07/88 161.00 12/06/118 1020 .00 12/06/88 CAL 

....... International Paper Co. ICatcha& HS H97SC 011/12/88 14 . 00 11/03/88 711 .00 11/03/118 CAL 
w 
w lnternationa1 Papar Co. Plna BluU AR H51SC 06/17/118 185.00 12/06/88 2940 . 00 12/06/88 CAL 

International Paper Co. Tax ark ana TX H99SC 08/06/88 71.00 01/03/89 1000 .00 01/03/119 CAL 
International Papar Co. Texarkana TX H99SC 08/06/88 86.00 06/19/89 3117 .00 06/19/89 CAL 
International Paper Co. Texarkana TX H99SC1 08/06/88 01/03/89 600 .00 01/03/89 CAi 
International Paper Co. Tlconderoaa lfY H9SAC 06/24/88 59.00 12/06/811 267 .00 12/06/88 CAL 
International Paper Co. Tlcondaroaa ICY H9SIC 06/24/88 306.00 12/06/118 2470 .00 12/06/88 CAL 
ITT-Rayonter, Inc. Fernandina Beach FL H90SC 07/06/88 4.70 06/29/89 32 .00 06/29/89 CAL 
ITT-Rayonlar, Inc. Hoqut- WA H33SC 07/09/88 4.110 06/29/89 2S .OO 06/29/89 CAL 
ITT-Rayonler, Inc . Jeaup GA H84SC 07/24/88 3.00 02/17/89 2 . 40 02/17/89 CAL 
ITT-Rayonlar, Inc. Port Anaaha WA Hl2.SAC 07/27/88 41 . 00 06/29/89 65 .00 06/29/89 CAL 
J.aaa River Corp. Barlln lift H89SC 08/19/118 104.00 12/19/118 2930.00 12/19/88 CAL 
J .. aa River Corp. Berlin NH H89SC 011/19/88 98 . 00 06/19/119 2170.00 06/19/89 CAL 
Jamaa Rtver Corp. c ... WA H32SC 12.00 12/06/88 105 .00 12/06/811 CAL 
J ... a River Corp. Chtakanie OR 86374641 09/10/86 19.00 100 .00 wsu 
J.aa1 River Corp. Clatakanh OR 86374642 09/10/86 89.00 810 .00 wsu 
J.aaa River Corp. Green Bay WI H72SBC 35 . 00 12/22/88 250 .00 12/22/118 CAL 
Jamaa River Corp. Old Town HE H8SAC 12 . 00 12/06/88 34 .00 12/06/88 CAL 

J-•• River Corp: St. Francaavilla LA H52SAC 96 . 00 12/06/88 243 .00 12/06/118 CAL 
Lea( River Foraat Product• lfaw Auauata HS H35SSC10 02/27/88 681.00 02/17/89 02/17/119 CAL 
Lonaviaw Fibre Co. Lonaviaw WA H53SC 06/29/88 69 . 00 12/22/88 437 .00 12/22/88 CAL 
Ketchikan Pulp & Papar Co. Ketchikan AX H31SC 011/lS/118 3 . 50 06/29/89 06/29/89 CAL 
Ketchikan Pulp & Paper Co. Ketchikan AX H31SC 011/15/811 0 . 40 2 .00 CAL 
Head Corporation Chtlllcotha OH DE026011 3 . 37 04/21/117 42 .60 04/21/117 wsu 
Head Corporation Chilli cotha OH DE026011 3 . 27 08/19/87 34 . 50 011/19/87 wsu 
Head Corporation Eacanaba HI HS15 12/15/87 125.00 09/30/88 574 .00 09/30/88 wsu 
Head Corporation Klnasport TN H73SC 06/06/88 3.00 01/26/89 25 .00 01/26/89 CAL 
Hakooaa Paparl, Inc. Nakooaa & Port Edwarda WI H77SC 06/17/88 109 .00 12/22/811 1300 . 00 12/22/811 CAL 
Nakooaa Papara, Inc . Aahdown AR H20SC 10/08/118 13 .00 01/26/119 30 . 00 01/26/119 CAL 

Pope£ Talbot, Inc . He hay OR H19SC 06/27/1111 31 .00 12/06/811 106 . 00 12/ 06/811 CAL 

Potlatch Corp . Cloquet HN H311SCO 09/24/1111 • 5 .00 0 1/26 / 89 25 . 00 01 / 26/ 89 CAL 

Potlatch Corp. law laton ID H56SC 07/26/88 78.00 01/26/89 639 . 00 01/26/119 CAL 

Potlatch Corp . HcGhaa AR H18SC 07/15/88 91.00 12/19/88 433 . 00 12/19/88 OJ. 

Alabama River Pulp Claiborne AL H21SC 06/07/88 81 . 00 12/06/88 373 00 12/06/88 CAL 

Alabama River Pulp Claiborne AL H21SC1 06/07/ 88 73 .00 12/06/ 88 393 00 12/ 06/ 88 CAL 

Alabama River Pulp Claiborne AL H21SC2 06/ 07/ 88 68 00 01 / 26/ 89 342 00 01 /26/ 89 CAL 



A- 2. 

HAtRD-sl.UIXZ (ppt.) 

COIIIPinY £lli State l!!!!el• ID Sameh D•~· JCDD JCDD Data TCDF I CDF Data .b.!!! 
Appleton Papera, Inc . Roertna Sprtnsa PA HlJSCO 06/26/88 ~ . 00 11/03/88 113 .00 11 / 03/88 CAL 
Bola! Caacad! Corp . Jacka on AL H6~SC 06/ 17/88 18 . 00 12/22/88 14 7. 00 12/22/88 CAL 
Boiaa Caacade Corp. Jackaon AL H6SSC1 06/17/ 88 18 .00 12/ 22/88 169 . 00 12/22/ 88 CAL 
Bola! Caacada Corp . St . Hal!n1 (It H76SCO 02/24/ 89 4 .20 04/ 19/ 89 2~ . 00 04 / 19/ 89 CAL 
Bot•• Caacade Corp . R .. rord 11! H82SC 06/02/ 88 10~ . 00 12/ 06/88 674 . 00 12/ 06/ 88 CAL 
Bolae' Caacad! Corp . Wallul! WA H66SC 07/ 15/88 70 .00 12/ 22/88 1490 . 00 12/22/88 CAL 
Boll! Cel cad! Corp . International Falla ... D£020720 06/2~/86 24 .00 380 . 00 wsu 
Boll! Caacade Corp. International Falla ... 0!020820 06/2~/86 710 .00 10900 . 00 wsu 
Bola• Caacada Corp. Internat ional Falla ... D£020920 37 .40 03/19/ 87 624 . 00 03/ 19/ 87 wsu 
Bot•• Caacada Corp . International Falla ... D£020920 35 .80 04/ 21/ 87 132 . 00 04/ 21/ 87 wsu 
Brunawlck Pulp and Paper Brunawlck GA H87SC 08/26/88 33 .00 01/03/ 89 62 . 00 01/ 03/89 CAL 
Buckayt Cellulo•• Perry FL H91SCO 12 . 00 11/03/88 40 . 00 11 / 03/88 CAL 
Buckeye Celluloae Oalet hor pe GA H22SC10 07/23/88 2 .60 11/03/88 6.10 11/03/88 CAL 
Buckeye Cellulo•• Oalethorp• GA H22SC10 07123/88 2 .60 11/03/88 3 . 00 01/31/89 CAL 
Chaaplon Internetlonal Lurkln rx DF024514 12/03/86 17 .00 32 . 00 wsu 
Ch.-plon Internetlonel Lurkln rx DF024519 12/03/86 36 .00 78 . 00 wsu 
Ch-.plon Internetlonal Lurkln rx DF024~13 17 .60 03/19/ 87 33 . 70 03/ 19/ 87 wsu 
Ch .. pton Intarnatlonal Lurktn rx DF024606 19 . 20 04/ 21/ 87 3~ . 70 04 / 21/ 87 wsu 

...... Champion I nte rnational Lurk l n rx DF024606 17 . 40 08/19/87 31. 90 08/ 19/ 87 wsu ..., 
~ Champion International Courtland AL H40SC 06/ 24/ 88 215 .00 12/ 22/ 88 923 . 00 12/ 22/ 88 CAL 

Ch-.plon Internetlonal Qutnn!IIC HI Q11S 12/ 15/ 117 9~ . 00 09130/ 1111 73~ . 00 09/30/ 1111 wsu 
Ch.-plon International Canton.ent FL CP1 01/ 15/ 811 14 . 00 11/ 03/ 88 21.00 11/ 03/ 811 CAL 
Ch .. pton International Bouaton rx HUSC 10/ 07/88 106 .00 01 / 03/ 89 144 . 00 01/03/ 89 CAL 
Ch-.pt on International Canton liC H47JlOO- ~OO 04/21/88 17~ . 00 07/ 01/ 88 07/ 01/ 811 wsu 
Chaapl on Intarnatlonal Canton liC H47J100- ~00Q 04/21/ 118 172 . 00 10/ 06/ 88 260 . 00 10/ 06/ 811 wsu 
Ch!lepaake Corp. W!lt Point VA H74SC1~0 12/04/118 14 . 00 02/ 17/89 47 .00 02/17/ 89 CAL 
Containe r Corp. or America Brawt.on AL H67SC 07/01/88 16 . 00 12/ 22/ 88 34 . 00 12/22/88 CAL 
Pantdr, Inc . Park Fa lla WI H2~SC 07/04/811 9 . 40 12119/88 90 . 00 12/19/88 CAL 
Pentdr, Inc . Perk Falla WI H2~SC 07/05/811 11 .00 06/29/89 73 . 00 06/29/89 CAL 
Federal Paper Board Co . Rteaelwood JIC HUSC 12/13/811 3 .110 04/19/89 ~ . 20 04/19/89 CAL 
Federal Paper Board Co . Rteaelwood NC H16SCO 12/13/88 2 . 90 04/19/89 3 . 30 04/19/ 89 CAL 
Finch , Pruyn£ Co ., Inc . Gl!n1 Falla NY H41SC 01/13/ 119 3 . 70 06/29/89 06/ 29/89 CAL 
Finch , Pruyn£ Co ., Inc . Glen• Falla NY H41SC 01/13/89 1. 20 7 . 40 CAL 
Georata- Paclflc Corp. Belltnah- WA H60SC1 07/22/ 1111 19 . 00 06/29/ 89 ~84 . 00 06/ 29/ 119 CAL 
Gaorata- Pac lflc Corp. Croaaet AR H68SBC 09/ 02/ 1111 1611 .00 12/ 22/88 1611 . 00 12/22/88 CAL 
Georata- Pec tflc Corp . Woodland H! Hl7SC 07/ 22/ 118 1 . 90 12/ 19/ 118 7. 30 12/ 19/ 88 CAL 
Georata- Pac lflc Corp. Zachary LA H1SC 07/ 21/ 811 17 . 00 12/ 19/ 88 421.00 12/ 19/ 88 CAL 
P. R. G1at.falt.er Co . Sprtna Grove PA H64SCOO 10/ 28/ 1111 93 . 00 06/19/ 89 238 . 00 06/ 19/119 CAL 
Proctor £ G.-ble Co . Mehoopany PA H42SBC 07/06/ 811 2 . 30 06/ 29/ 89 06/ 29/ 89 CAL 
Proctor £ G.-ble Co. Mehoopany PA H42SBC 07/06/ 118 0 . 30 0 . 70 CAL 
Scott Paper Co . Everett WA HIIOSC 07/17/811 14 . 00 011 / 02/ 89 72 . 00 011/02/89 CAL 
Scott Paper Co . Hobtl• AL H26SC220 01/13/89 9 . 50 04/19/89 18 . 00 04/19/89 CAL 
Scott Paper Co . Hinckley HE H61SCB 06/28/811 6 . 90 12/06/88 29 .00 12/06/88 CAL 
Scott Pepar Co . Hinckley HE H61SCC1 06/28/118 67 . 00 12/06/88 330 . 00 12/06/88 CAL 
Scott Paper Co . Hinckley HE H61SCA 06/28/88 33 .00 12/06/88 106 . 00 12/06/88 CAL 
Scott. Paper Co . Htnckhy HE H61SCA1 06/28/88 39 . 00 12/06/88 149 . 00 12/ 06/ 811 CAL 
Scott Paper Co . W!lt.brook HE H30SC 06/30/ 88 13 .00 12/ 19/ 88 ~5 . 0 0 12/19/ 88 CAL 
Stmpaon Peper Co . Anderaon CA H98SC 06/24/88 2711 . 00 01/03/ 89 6740 .00 01/ 03/119 CAL 
Stmpaon Paper Co . Tacoma WA H81DSCO 08/ 01/ 89 , 0 . 00 176 .00 CAL 
Stmpaon Paper Co . Tacoma WA H81SC 10/ 29/ 811 0 1/ 03/89 87 00 0 1/03/89 CAL 
Simpson Peper Co . Tacoma WA Hlll SC 10/29/88 39 .00 06/19/89 10 1.00 06/19/89 CAL 
Simpson Peper Co . Tacoma WA H81SC 0 10/29/811 29 .00 06/19/ 89 106 . 00 06/19/89 CAL 
Stone Cont.•ln•r ~orp . Panama City FL H1 02SC 01/19/88 3 .60 12/22/ 88 16 .00 12/22/88 CAL 



A- 2. tai)J1C)P \XADIRATIU. DATA (a.TIIU!D) 

IMDD-QIDZ (ppt) 

COII!Panx au am l!!!l!h ID 1-eh (!a~1 I£!m I£D(! (lata mu: I£D[ (!ate !:.!!! 
Te.ple-Eeatez, Inc . Evadale TX H3S3 07/28/88 16 .00 12/06/88 49 . 00 12/06/ 88 CAL 
Union c.., Corp . Eeatover sc H93SC 07/22/1111 6 . 90 01/03/119 13 .00 01/03/119 CAL 
Union c-p Corp. Franklin VA UCF10 05/08/ 88 3 .60 11/03/811 6 . 00 11/03/88 CAL 
Weatvac:o Corp. Covtnaton VA H28SC 07/19/811 119 .00 12/19/88 799.00 12/19/88 CAL 
w .. tvec:o Corp. Luke K) H62SC 06/28/88 80 .00 12/22/88 471.00 12/22/88 CAL 
Weatvac:o Corp. Wlcltllffe lY H78SC 07/23/88 9 . 40 12/22/88 46 . 00 12/22/88 CAL 
Weyerheuaer Co . Coa.opolla WA fMSC1 08/06/88 12 .00 06/29/89 61.00 06/29/89 CAL 
Weyerhauaer Co . Lonavt .. WA t44SSC- L 08/ 02/ 88 25. 00 12/22/88 80 .00 12/22/88 CAL 
Weyerhauaer Co . Lonavt- WA t44SSC1- L 08/02/811 12/22/88 84 .00 12122/88 CAL 
Weyerhauaer Co. Lonavt- WA t44SSC1-L 08/02/88 35 .00 03/01/119 89 .00 03/01/89 CAL 
Weyerhauaer Co. "-Bam Me H6SC 08/13/88 373.00 12/19/811 1920 .00 12/19/88 CAL 
Weyerhauaer Co. Raw Bern Me H6SC1 08/13/811 213 .00 12/19188 1600 .00 12/19/88 CAL 
Weyerhau .. r Co . Pl,..,uth JeC H86SCO 02/13/89 1390 .00 04/19/ 89 17100 .00 04/19/ 89 CAL 
Wexerheuaer Co . Rothchild WI H29SC 08/12/88 58. 00 12/19/88 lSO .OO 12/19/ 88 CAL 

IMDIX-sLURRI (ppq) 

..... 
w Coepenx au am S•l• IP s-el• [!•t1 ICDD TCDD Date I CDf I£DF Del! l:.!!! V> 

Wllemet.te I nduatriea Bewaavilh lY H63SAC 10/28/88 83 . 00 01/26/89 380 .00 01/26/89 CAL 
Wtlemette lnduatrlea Bew .. vlll• lY H63SIIC 10/28/88 52.00 01/26/89 210 .00 01/26/89 cAi. 
Bada•r Peper Hilla , Inc. P .. htlao WI t446SC 07/22/88 36 . 00 12/06/118 1800 .00 12/06/118 CAL 
li~erly-Clarlt Corp. Cooae Plnea AL H36SC 08/ 26/88 3800 . 00 12/06/1111 9200 .00 12/06188 CAL 
Gilaan Peper Co. St . Marya GA H5SSC 09/02/ 88 220 . 00 12106/811 610 . 00 12/06/88 CAL 
a .... ~lll Peper Co. Selae AL H88SC 06/Z'/88 6110 . 00 12/06/88 2900 . 00 12/06/88 CAL 
Jemea River Corp. Butler AL H96SC 06/16/88 330 . 00 12/06/118 1100 . 00 12/06/88 CAL 
Bola• Caacede Corp. Deridder LA H58SC 06/10/88 280 .00 12/06/118 440 . 00 12/06/88 CAL 
Bowater Corp. Catawba sc H23SC 06/17/88 620 .00 12/06/811 8110 . 00 12/06/88 CAL 
Boweter Corp . Calhoun TR H75SC 06/24/88 12/22/811 17000 . 00 12/22/88 CAL 
Boweter Corp. Calhoun TR H7SSC 06/24/88 4500 .00 02/14/ 89 14000 .00 02/ 14/ 89 CAL 
Federal Peper Board Co . Auauata GA H83SC 06/10/88 680 .00 01/03/89 1400 .00 01/ 03/89 CAL 
Georaie- Peclfic Corp. Croaaet AR H68SAC1 09/02/1111 12/22/811 740 .00 12/22/88 CAL 
Georaia-Paciflc Corp. Croaaet AR H68SAC1 09/02/88 190 . 00 02/14/119 710 .00 02/14/119 CAL 
Georaia-Peclfic Corp . Pehtlt• FL H24SC 07/05/118 92 .00 12!06/811 410 . 00 12/06/88 CAL 
Proctor 6 GaMble Co . Mehoopany PA H42SAC 07/06/ 811 6 . 00 06/29/89 6 .00 06/29/119 CAL 
Stone Container Corp. Hi .. oula Hr H27SC 07/ 12/ 88 55 . 00 12/ 06/ 1111 150 . 00 12/06/118 CAL 



A- 2. 1Cil0/1'CDP LULU~ IRA Tim! DATA (<DrrUIIJm) 

M1'RIX•D'FLU!Irt (ppq) 

Cc.DanY ill! gru §1!!!!1!1• II! S!!!ml• Date I£!!!! ICDI! Date TCDf TCDF l!•t.e b.!!! 

P~oct.o~ & G-.ble Co. Mehoopany PA H42EC 07/06/88 9 .70 06/28/89 2 . 80 06/28/89 CAL 
Scott Pep•~ Co . Evaratt. WA HaOEAC 07/17/88 7. 50 06/28/89 29 . 00 06/28/89 CAL 
Scott Paper Co . Everett. WA HaOEBC 07/17/88 8.30 06/ 28/89 2 . 60 06/28/89 CAL 
Scott Peper Co. Hoblle AL H26EC210 01/13/89 14.00 02/ 11/89 19 . 00 02/17/89 CAL 
Scott. Pep•~ Co. Hinck lay HE H61EC 06/28/88 16.00 12/ 19/88 63 . 00 12/19/88 CAL 
Scott Pep•~ Co . Hinck lay H! H61EC1 06/28/88 19 . 00 12/ 19/88 100 . 00 12/19/88 CAL 
Scott. P•p•~ Co. ~•k•aon HI H92EC 06/13/88 8 . 40 12/ 06/88 42 .00 12/06188 CAL 
Scott. Pepe~ Co. w .. t.b~ook H! H30EC 06/30/88 6 . 30 11/22/88 12 . 00 11/22/88 CAL 
Siapaon P•p•~ Co . Ande~aon CA H98EC 06/24/88 250 . 00 11122/88 8400 .00 11/22/88 CAL 
Simpaon Pap•~ Co. Fairhaven CA H43ECO 08/06/88 100 . 00 11 / 03/88 660 . 00 11/03/88 CAL 
Simpaon P•p•~ Co . Paaadena rx H2EC 10/08/88 01/ 03/89 1400 . 00 01/03/89 CAL 
Simpaon Peper Co. Paaedena TIC IIH2EC 08/14/89 250.00 730 . 00 CAL 
Slmpaon Papa~ Co . Tacoma WA Hal DECO 08/01/89 17 . 00 100 . 00 CAL 
Si•paon Pepe~ Co. Tacoma WA MalEC 10/29/88 01/ 03/89 27 . 00 01/03/89 CAL 
Si•paon Pepe~ Co. Tacoma WA MalEC 10/29/llll 05/ 31/89 26 . 00 05/31/89 CAL 
Simpaon Pape~ Co . face.. WA MalEC 10/29/88 01/ 03/89 26 . 00 01/13/89 CAL 
Simpaon Pape~ Co . face.. WA H81EC1 10/29/88 05/31/89 22 . 00 05/31/89 CAL 
St.. Joe Pape~ Co . Po~t. St.. Joe FL H94EC1 08/02/88 21.00 02/ 16189 60 .00 02/16/89 CAL 

....... Stone Cont.ainar Co~p. Hiuouh Hf H27EC 07/12/88 3 . 10 11/ 15/88 7 .60 11/15/88 CAL w 
00 Stone Container ~o~p. Pan..., City FL Hl02EAC 07/19/88 8.40 11/22/88 7.90 11/22/88 CAL 

Stone Contaln•~ Co~p. Pan..., Clt.y FL H102EBC 07/19188 6 . 90 11 /22/88 18 . 00 11/22/88 CAL 
Stone Container Co~p. Snow! lake AZ H100EC 07/17/88 5. 50 11 / 22/88 39 .00 11/22/88 CAL 
Temp1e-Eeatez, Inc. Evede1e TX H3EC 07/28/88 88 . 00 05131/89 100 .00 05/31/89 CAL 
Union C.-p Co~p. !aatover sc H93EC 07/22/88 20 . 00 11/22/88 53 . 00 11/22/ 88 CAL 
Union Camp Co~p . FnnkUn VA UCF1000 05/08/88 68.00 11/ 03/88 71 .00 11/03/88 CAL 
Weatveco Co~p. Covina ton VA H28EC 07/19/88 180 . 00 11 / 22/88 520 .00 11/22/88 CAL 
Weatveco Co~p. Luke .., H62EC 06/28/88 16 . 00 12/19/88 49 .00 12/19/88 CAL 
Weat.veco Co~p. Wicltllffe ICY H78EC 07/23/88 35 . 00 12/ 06/88 150 .00 12/06/88 CAL 
Weye~heuaer Co. CoHIOpolh WA H4EC 08/05/88 9 . 70 06/28/89 400 . 00 06128/89 CAL 
Weye~h•u••~ Co . Everett WA H79EC 07/24/88 33 . 00 11 / 15/88 260 . 00 11/15/88 CAL 
Weye~h•u••~ Co . Lonavtew WA H45EC- L 08/ 02/88 10 . 00 11 / 15/88 37 . 00 11/15/ 88 CAL 
Weyerheuaer Co . Lonavtew WA H45EC1 - L 08/02/88 8 . 50 11 / 15/88 21 . 00 11/15/ 88 CAL 
Weye~heuaer Co. llew lle~n MC H6EC 08/13/88 44.00 12/ 06/88 180 . 00 12/06/88 CAL 

Weye~h•u••~ Co . PlJIIIOuth MC H86ECO 02/13/89 320 . 00 04/19/89 4000.00 04/19/89 CAL 
Weye~h•u••~ Co. Rothchlld WI H29EC 08/12/88 12 . 00 12/19/88 24 . 00 12/19/88 CAL 
Wey•~h•u••~ Co . Rothchild WI H29EC 08/12/88 12 . 00 06/28/89 18 .00 06/28/89 CAL 



·. 

A- 2. 1'Cil0/1CDF ~!liiiiATiml DATA (<UITIJIU!D) 

MATitD•I!JPPUJI!IIT (ppq) 

COIIIDanY £!!:.I Statt §!!!l!l! II! S!!!J!l• Data I£ru! TCDD Data !£Qf TCDF (late ~ 

Proctor & Gamble Co. Mehoopany PA H42!C 07/06/88 9.70 06/28/119 2 . 80 06/28/89 CAL 
Scott Paper Co. Everett WA H80EAC 07/17/88 7.~0 06/28/89 29 . 00 06/28/119 CAL 
Scott Paper Co . Everett WA H80EBC 07/17/1111 8.30 06/28/89 2 . 60 06/28/89 CAL 
Scott Paper Co . Hoblla AL H26EC210 01/13/119 14 . 00 02/17/89 19 . 00 02/17/89 CAL 
Scott. Paper Co. Blnckhy HE H61EC 06/211/811 16 . 00 12/19/88 63 .00 12/19/88 CAL 
Scott. Paper Co . Blnckhy HE H61EC1 06/211/88 19 .00 12/19/88 100 . 00 12/19/88 CAL 
Scott Paper Co . tt.Jakaaon HI H92EC 06/13/118 8 . 40 12/06/88 42 . 00 12/06/88 CAL 
Scott. Paper Co. Waat.brook HE H30EC 06/30/88 6 . 30 11122/88 12 . 00 11/22/88 CAL 
Sl•paon Paper Co . Ander a on CA H98EC 06/ 24/88 2~0 . 00 11/22/88 8400 .00 11/22/118 CAL 
Sl•paon Paper Co . Fairhaven CA H43ECO 08/06/88 100 .00 11/03/118 660 .00 11/03/88 CAL 
Sl.paon Paper Co. Pea adana 1'X HZEC 10/08/88 01/03/89 1400 . 00 01/03/ 89 CAL 
Slapaon Paper Co. Paaadana 1'X XHZEC 08/14/89 2~0 . 00 730 . 00 CAL 
Slapaon Paper Co. Tac- WA H81D!CO 08/01/89 17 . 00 100 . 00 CAL 
Slapaon Paper Co. Tac- WA H81EC 10/29/ 88 01/03/ 89 27 . 00 01/03/ 89 CAL 
Sl•paon Paper Co . TacOIU WA H81EC 10/29/1111 0~/31/119 26 . 00 0~/31/89 CAL 

Sl•paon Paper Co . !acOIN WA H81EC 10/29/88 01/03/ 89 26 . 00 01/13/89 CAL 
Sl•paon Paper Co . TacOIU WA H81EC1 10/29/88 0~/31/89 22 . 00 0~/3 1/89 CAL 
St.. Joe Paper Co. Port St.. Joe FL H94EC1 08/ 02/88 21 .00 02/16/89 60.00 02/16/89 CAL 

...... Stone Container Corp. Htaaouh HT H27EC 07/12/88 3 . 10 11/1~/88 7.60 11/1~/88 CAL w 
00 Stone Container ~orp. Pan.., Clty FL H102EAC 07/19/88 8 . 40 11/22/88 7. 90 11/22/88 CAL 

Stone Container Corp. Pan_, City FL H102EBC 07/19/88 6.90 11/22/88 18 . 00 11/22/88 CAL 
Stone Container Corp. Snowflake A% H100EC 07/17/88 ~ . 50 11/22/88 39 . 00 11/22/88 CAL 
y,.pla- Eaat.ax, Inc . Evadale TX H3EC 07/28/88 88 .00 0~/31/89 100 . 00 0~/31/89 CAL 
Union Camp Corp. !aat.ovar sc H93EC 07/22/88 20 .00 11/22/88 ~3 . 00 11/22/88 CAL 
Unlon Camp Corp. FranltUn VA UCFlOOO 0~/08/88 68 .00 11/03/88 71 . 00 11/03/88 CAL 
Waat.vaco Corp. Covlnat.on VA H28EC 07/19/88 180 . 00 11/22/88 ~20 . 00 11/22/88 CAL 
Waat.vaco Corp. Luke tl) H62EC 06/28/88 16 .00 12/19/88 49 .00 12/19/88 CAL 
Waat.vaco Corp. W1ckUffa KY H78EC 07/23/88 3~ . 00 12/06/88 1~0 . 00 12/06/88 CAL 
Wayarhauaar Co. Coa.opolla WA H4EC 011/0~/88 9 . 70 06/211/89 400 .00 06/211/89 CAL 
Wayarhauaar Co . Everett. WA H79EC 07/24/88 33.00 11/1~/88 260.00 11/1~/1111 CAL 

Wayarhauaar Co . Lonavhw WA HHEC- L 011/02/88 10 .00 11/lS/88 37.00 11/1~/1111 CAL 
Wayerhauaar Co . Lonavhw WA H4~EC1 -L 08/02/88 11.~0 11/lS/88 21 . 00 11/1~/88 CAL 

Wayarhauaar Co. Maw Barn NC H6EC 011/13/88 44.00 12/06/88 180 .00 12/06/88 CAL 

Wayarhauaar Co . Ply.outh NC HII6ECO 02/13/89 320 . 00 04/19/89 4000 .00 04/19/89 CAL 

Wayarhauaar Co . Rothchild WI H29EC 08/12/88 12.00 12/19/88 24.00 12/19/811 CAL 

Wayarhauaar Co . Rothchild WI H29EC 08/12/88 12 . 00 061211/119 111 . 00 06/28/89 CAL 



A- 2 . talO/la)P a&UIRA\'101 DATA (Olfti iiU!D) 

W.111D•!PFWI'll"'' (PPf) 

Co.pany ~ State 5!!!21! ID s-21e Data !£Q2 I£QD Date JCDF TCDF Qata b!!a 

Head Corporation Eac:anaba HI 111.802 12/15/87 17 .00 08/08/88 50 .80 08/08/88 wsu 
Head Corporation ltnaaport TN H73EC 06/ 06188 6 .00 11/04/88 44 . 00 11/04/88 CAL 
Rakooaa Papara , Inc:. Makooaa ~ Port Edward• WI H77EC 06111/88 40 .00 11/04/88 320.00 11/04/ 88 CAL 
Makooaa Papara, Inc: . Aahdown All HZOEC 10/08/88 41 .00 02/ 16/ 89 94 . 00 02/16189 CAL 
Panntac:h Papara, Inc:. Johnaonbur8 PA H57EAC 08/01/88 6 .80 12/19/88 14 . 00 12/19/88 CAL 
Panntac:h Papara , Inc:. Johnaonbura PA H57EBC 08/01/88 9 . 70 12/ 19/88 65 . 00 12/ 19/88 CAL 
Pope & Talbot, Inc: . Iahey (It H19EC 06127/88 30 .00 11/ 04/ 88 82 . 00 11 / 04/88 CAL 
Potlatch Corp . Cloquet. "" HJ8ECO 09/24/88 24 .00 01/26/89 46 . 00 01/ 26/89 CAL 
PoUat.c:h Corp . Lawhton ID H56EC 07/26188 71.00 11/15/88 360 . 00 11/15/88 CAL 
Potlatch Corp. Law laton ID H56EC1 07/26/88 79 .00 11 /1 5/88 320 . 00 11/ 15/88 CAL 
Potlatch Corp . HcGhaa All H18EC 07/15/88 40 .00 11/ 22/88 100 . 00 11/22/811 CAL 
Alab .. a River Pulp Claiborne AL H21EC 06107/88 41.00 11/ 04/88 2!10 . 00 11/04/88 CAL 
Alab .. a Rtvar Pulp Claiborne AL H21!Cl 06107/88 40 .00 11/04/88 250 .00 11/04/88 CAL 
Alab ... River Pulp Claiborn• AL H21EC2 06/07/88 U . OO 01/ 03/89 210 .00 01/03/89 CAL 
Applaton Papara, Inc: . Roartna Sprina• PA HlJEDO 06/26188 11 .00 11/ 03/88 18 .00 11/03/88 CAL 
Botaa Caac:ada Corp . Jac:kaon AL H65EC 06/11/88 95 .00 01/26/89 !140 .00 01/26/89 CAL 
Jotaa Caac:ada Corp. Jac:kaon AL H65EC1 06/11/811 120 .00 01/ 26/89 630 . 00 01/26189 CAL 
Botaa Caac:ada Corp. Deridder LA H58EC 06/10/811 9 .20 11/ 04/ 88 44 .00 11/04/811 CAL 

t-' Bola• Caacade Corp . St. Balan• (It H76ECO 02/24/89 22 .00 04/19189 100 .00 04/19/89 CAL w 
"'-J Botaa Caacada Corp. R.-tord HE H82EC 06/02/88 120.00 11/04/88 570 .00 11/04/88 CAL 

Botaa Caacada Corp. Wallula WA H66EC 07/15/88 360 .00 12/19/88 7!100 .00 12/19/88 CAL 
Bola• Caac:ada Corp. International Falla "" D!020922 111.00 01/16187 2180 . 00 02/12/87 NSU 
Boiaa Caac:ada Corp. International Falla "" 0!020922 150 .00 02/12/87 NSU 
Bolaa Caac:ada Corp . International Falla "" 0!020922 111.00 02/12/87 NSU 
Bowatar Corp . Cat.Miba sc H23EC 06/11/88 24 .00 11/04/88 42 . 00 11/04/88 CAL 
Bowatal' Col'p. Calhoun Til H75EC 06/24/88 6 .80 12/ 19/88 5 . 50 12/19188 CAL 
Brunawtck Pulp and Papar Bl'unawtck GA H87EC 08/26188 30.00 12/06188 68 .00 12/06188 CAL 
Brunawtck Pulp and Papar Brunawic:k GA H87EC1 08/26/88 30.00 12/06/88 50 .00 12/06/88 CAL 
Buckeye Calluloaa Pauy FL H91ECO 27 .00 11/03/88 80 .00 11/ 03/88 CAL 
Buckaya Calluloaa ()ala thorpe GA H22EC10 07/23/88 12 .00 11/03/88 26 .00 11/03/88 CAL 
Ch .. pion International Lufkin 1'X DF024512 7 . 50 07/09/87 6 .90 07/09/87 wsu 
Champion lnt.arnattonal Lufkin 1'X DF024512 7. 20 09130/87 6 . 10 09130/87 NSU 
Cha.pton Int.arnattonal LuBin 1'X DF024512 9 . 10 11/ 16/87 NSU 
Champion International Coul'tland AL H40!C 06124/88 77 . 00 11/04/88 340 .00 11/04/88 CAL 
Champion International Qutnnaaac HI Ql4! 12/15/87 9 .00 10/03/88 66 .00 10/03/88 wsu 
Champion Int.arnattonal Cantoi'Dint FL CPlOOO 01/1!1/88 11 . 00 11/03/88 38 .00 11/03/88 CAL 
Ch .. pion Int.arnat.tonal Bouat.on 1'X HUEC 10/ 07188 01/03/89 86 . 00 01/03/ 89 CAL 
Ch .. pton Int.arnat.tonal Bouaton 1'X H15EC1 10/07/88 11 . 00 01/ 13/89 CAL 
Champion Int.arnat.tonal Bouat.on \'X HUEC2 10/07/88 5.50 05/31/89 !1. 80 05/31/89 CAL 
Champion Int.arnat.lonal Cant. on NC H47G100-500 04/21/88 15 . 00 05/31/89 7. 20 05/31/89 CAL 
Chaaapaaka Corp . Neat. Point. VA H14!Cl40 12/04/88 16 . 00 04/ 19/ 89 96 . 00 04/19/89 CAL 
Cont.alnar Corp . of ._artc:a Brewton AL H67EC 07/01/88 6.50 11/04/88 10 . 00 11/04/88 CAL 
Pant.al r, Inc:. Park Falla WI HZ!IEC 07/04/88 5. 40 11/22/88 4 . 80 11/22/88 CAL 
Federal Papal' Board Co . Auauat.a GA H83EC 06/10/88 16 . 00 12106188 47 . 00 12/06/88 CAL 
Federal Paper Board Co. Rtaaalwood NC H16EC 12/ 13/ 88 28 .00 0!1131/ 89 61. 00 01/26/89 CAL 
Flnch , Pruyn & Co. , Inc:. G1ana Fall• MY H41EC 01/13/89 7. 90 06128/89 2 . 90 06/28/89 CAL 
Gaol'ala- Pactfl c Corp . B•lllnah ... WA H60EC1 07/22/88 5. 30 06/28/ 89 840 . 00 06/28/89 CAL 
Gaoraia- Pac:tfic Corp. Croaaat All H68EC 09102/88 96.00 12/19/ 88 370 . 00 12/ 19/88 CAL 
Gaorata- Pac iflc Corp. Palatka FL HZ4EC 07/0!1/88 16 .00 11 /1!1/88 38 . 00 11/ l !1/88 CAL 
Gaorai a · Paciflc Corp . Woodland HE Hl7EC 07/22/88 6 . 80 ll/04/88 2!1 .00 11 /04/88 CAL 
Gaorata- Paciflc Corp . Zachary LA H1EC 07/21/811 190 .00 11/22/88 11 /22/88 CAL 
Gaorata- Pac: tfl c Corp. Zachary LA H1EC 07/ 21/88 160 .00 OS/3 1/ 89 3000 . 00 OS/31/89 CAL 
P.H. Glat.faltar Co. Sprln& Grove PA H64EC20 10/28/ 88 II . 40 01/26/ 89 26 . 00 01/26/89 CAL 



A-2. TCIJDITCDP ~IRATIOI DATA (CDftiRUm) 

M11lD-61..10Z ( ppt.) 

C~anY £UI. aw l•ll ID 1!!!!1!1• 1!•~1 .I£Q2 I£DD l!•t.a 1£2[ !9![ l!•t• ~ 

T.-ple-!aataK, Inc . !vadah rx H3S3 07/211/88 16 .00 12/06/1111 u .oo 12/0611111 CAL 
Union c .. p Corp. £aat.ovar sc H93SC 07/22/1111 6 .90 01/03/119 13 .00 01/03/119 CAL 
Union C.-p Corp . Franklin VA UCFlO 0~/011/1111 3 .60 11/03/1111 6 . 00 11/03/1111 CAL 
Waatveeo Corp . Covina ton VA H211SC 07/19/88 119 .00 12/19/1111 799.00 12/19/1111 CAL 
Waat.veco Corp. Luke til H62SC 061211/1111 110.00 12/22/88 Hl.OO 12/22/88 CAL 
Waatveeo Corp. Wickliffe lY H711SC 07/23/1111 9 . 40 12/22/1111 46 . 00 12/22/118 CAL 
Wayarheuaar Co . Coa80polh WA H4SC1 08/06188 12 .00 06129/119 61.00 06/29/119 CAL 
Wayarhauaar Co. Lonavi- WA H45SC- L 08/02/1111 2~ . 00 12/22/1111 110 .00 12/22/1111 CAL 
Weyarheuaar Co . Lonavi- WA H45SC1 -L 08/02/1111 12/22/1111 114 .00 12/22/88 CAL 
Weyarheuaar Co. Lonavi- WA H45SC1- L 011/02/1111 35 .00 03/01/119 119.00 03/01/119 CAL 
Wayarheuaar Co. 11-ll•m lee H6SC 011/13/1111 373.00 12/19/811 1920.00 12/19/1111 CAL 
Weyerheuaar Co. Maw llern lee H6SC1 011/13/1111 213 .00 12/19/1111 1600 .00 12/19/1111 CAL 
Weyarheuaar Co . Ply.out.h lee HII6SCO 02/13/119 1390 .00 04/19/119 17100 .00 04/19/119 CAL 
Weyarheuaer Co . Rothchild WI H29SC 011/12/1111 ~8 . 00 12/19/1111 1~0 . 00 12/19/1111 CAL 

IM11lD~T (ppq) 

...... 
w CO!!pany ill% ~ 1•11 ID s .. ph l!•t.• 
1..1> 

JCDD TCDD Data 19![ rcpr pate J.g 

Wil .. atte lnduat.riaa Raw .. vilh IY H63SAC 10/211/1111 113 .00 01 / 26/ 119 380 00 01/ 26/ 119 CAL 
Wll ... tte lnduatrlea Raweavtlle IY H63SIIC 10/211/1111 ~2.00 01/26/89 210 . 00 01/261119 cAi. 
Bedaer Peper Hilla, Inc . r .. httao WI H46SC 07/22/88 36 .00 12/06!1111 1800 . 00 12/0611111 CAL 
Kimberly-Clerk Corp. Cooaa Pin .. AL H36SC 011/26/1111 31100 .00 12/0611111 9200 . 00 12/06/1111 CAL 
GllJ.an Paper Co . St. Harya GA H~~sc 09/02/811 220 .00 12/06/1111 610 . 00 12/0611111 CAL 
8-r.Ul Paper Co. SelJ.e AL H811SC 06126/1111 6110 .00 12/06/1111 2900 .00 12/06/1111 CAL 
J ... a River Corp. Butler AL H96SC 06/16/1111 330 .00 12/06/1111 1100.00 12/06/1111 CAL 
llolae Caacade Corp. Deridder LA H~IISC 06/10/1111 2110 .00 12/06!1111 uo .oo 12/06/88 CAL 
lloweter Corp. Catawba sc H23SC 06/17/1111 620 .00 12/06/1111 11110.00 12/06/88 CAL 
llowatal' Col'p. Calhoun TH H75SC 06124/118 12/22/1111 17000 .00 12/22/1111 CAL 
llowat.er Corp. Calhoun til H75SC 06/24/88 4~00 . 00 02/U/119 14000 .00 02/14/119 CAL 
Federal Peper Board Co . Auauat.a GA H83SC 06110/1111 6110 . 00 01/03/119 1400 .00 01/03/119 CAL 
Geol'ale-Paclflc Corp. Croaaet AR H611SAC1 09/02/1111 12/22/1111 740 . 00 12/22/1111 CAL 
Georale-Paclflc Corp. Croaaat AR H611SAC1 09/02/811 190 . 00 02/14/119 710 .00 02/U/119 CAL 
Geor&1e-Pac1flc Corp. Palatka FL H24SC 07/0~/1111 92.00 12/06!1111 410 . 00 12/06/811 CAL 
Pl'oct.or 6 Gamble Co . Mehoopany PA H42SAC 07/06/1111 6 . 00 06/29/119 6 .00 06/29/119 CAL 
Stone Container Corp . Hi .. ouh HT H27SC 07/12/1111 ~5 . 00 12/06!1111 1~0 . 00 12/06/118 CAL 



A-2. TalO/TCDP ~PliiRATIC:. DATA (O»'TIJIUED) 

~T'RD•EPFLUI!lrt (ppq) 

COCIII!!!!l. City ~ Sam2l• ID Sam2l• Date TCPD TCOD Data .!fru: TCOF Date .1..!.2 
Gaylord Container Corp. Erie CA H106EC 10/15/88 49 .00 01/03/89 800 .00 01 / 03/ 89 CAL 
Wtl .. atta Induatriaa Haweavilla KY H63EC 10/28/88 11 . 00 01 / 03/ 89 8 .00 01/ 03/89 CAL 
Alulta Pulp Co . Si tlte AK HSEC- 1 08/27/88 1 . 10 06/ 28/89 32 .00 06/ 28/ 89 CAL 
Badaar Paper Hilla, Inc . P .. httao WI H46£AC 07/22/88 9 . 80 11/15/ 88 280 .00 11/ 15/88 CAL 
Badaar Paper Hilla, Inc. P .. huao WI H46!AC 07/22/88 6 . 40 06/ 28/89 170 . 00 06/28/ 89 CAL 
Badaar Paper Hilla. Inc. Paaht.lao WI H46EBC 07/22/88 4 . 50 11/15/ 88 110 . 00 11/ 15/ 88 CAL 
Badaar Paper Hilla, Inc. P .. httao WI H46EBC 07/21/88 5. 30 06/28/89 130 . 00 06/28/ 89 CAL 
lt.barly-Clarlt Corp. Cooaa Ptn .. AL H36EC 08/26/88 35 . 00 11/15/88 74 . 00 11/ 15/88 CAL 
Lincoln Pulp and Paper LincoLn HE HllEC 11/19/88 32 . 00 01/26/89 130 . 00 01/ 26/89 CAL 
Wauuu Paper Htlh Co. Brokaw WI H54EC 07/22/88 4 . 20 11/15/88 14 .00 11/15/88 CAL 
Wauaau Paper Hilla Co. Brokaw WI H54EC 07/22/88 4 . 90 06/28/89 2 . 10 06/28/89 CAL 
GilJaan Paper Co. St . Harya GA HSSEC 09/02/88 6. 50 11/15/88 17 . 00 11/15/88 CAL 
Gulf Stataa Paper Corp. DMk!polh AL HlOlEC 06/14/88 38.00 11/15/88 110.00 11/15/88 CAL 
Bem.a~tll Paper Co. Erh PA H103ECX 06/19/88 24 . 00 11/04/88 68 .00 11/04/88 CAL 
a ... anDtll Paper Co . Selma AL H88EC 06/26/88 81 . 00 11/15/88 310 .00 11/15/88 CAL 
International Paper Co. B .. trop LA H85EC 06/20/88 330 . 00 11/04/88 1600 . 00 11/04/88 CAL 
International Paper Co . Gaoraatown sc H70EC 07/16/88 640 . 00 11/22/88 1600 .00 11/22/88 CAL 
Internat i onal Paper Co . Gaoraatown sc H70EC1 07/ 16/ 88 490 . 00 11/ 22/88 1500 .00 11/ 22/ 88 CAL 

..... International Paper Co. Jay HE RG186388 88 . 10 01 / 01 / 81 447 . 00 01/01! 81 wsu 
w International Paper Co . Jay HE 1lG186388 95 . 30 09/30/ 87 441.00 09/30/ 87 wsu 
C1' International Paper Co. Jay HE RG186388A 80 . 40 08/26/87 359 .00 08/ 26/87 wsu 

International Paper Co. Hobtla AL H71EC 10/24/ 88 01/ 03/89 850 . 00 01/03/89 CAL 
International Paper Co . Hobtla AL H71ECO 10/24/88 100 . 00 05/31/ 89 490 .00 05/31/89 CAL 
International Paper Co. Hou Point HS H34EC 06/07/88 160 . 00 11/15/88 920 . 00 11/15/88 CAL 
International Paper Co . Nate he& HS H97EC 08/12/88 38 . 00 ·11/03/88 220 .00 11/ 03/88 CAL 
International Paper Co. Ptna Bluff AR HSlEC 06/17/88 110 . 00 11/04/88 1100 .00 11/04/88 CAL 
International Paper Co. Ta11arkana rx H99EC 08/06/88 13 . 00 11/22/88 43 . 00 11/22/88 CAL 
International Paper Co. Texarkana rx H99EC1 08/06/88 18 . 00 11/22/88 44 . 00 11/22/88 CAL 
International Paper Co. Ttcondaroaa NY H9EC 06/24/88 18 . 00 11/04/88 150 . 00 11/04/88 CAL 
International Paper Co . Ttcondaroa• NY H9EC1 06/24/88 24 . 00 11/04/88 160.00 11/04/88 CAL 
ITT-Rayonlar, Inc . Fernandina Beach FL H90EC 07/06/88 1 . 00 06/28/89 35 . 00 06/28/89 CAL 
ITT-Rayontar, Inc . l:loqut• WA H33EC 07/09/88 23 . 00 06/28/89 8 . 60 06/28/ 89 CAL 
ITT-Rayoniar, Inc . Jaaup GA H84EBC 07/24/88 23 . 00 11/22/88 16 . 00 11/22/88 CAL 
ITT-Rayontar, Inc . Jaaup GA H84£AC 07/24/88 24 . 00 11 / 22/ 88 11/ 22!88 CAL 
ITT-Rayontar, Inc . Jaaup GA H84EAC1 07/24/88 11 . 00 05/31/89 4 . 20 05/ 31/ 89 CAL 
ITT-Rayoniar, Inc . Port Anaal .. WA H12EC 07/27/88 22 . 00 06/28/ 89 36 . 00 06/ 28/ 89 CAL 
J.aa Rtvar Corp . Barltn NH H89EC 08/19/88 59 . 00 12/06/ 88 1200 . 00 12/06/88 CAL 
J ... a Rtvar Corp . c .... WA H32EC 05/31 / 89 160 . 00 05/31 / 89 CAL 
J ... a Rlvar Corp . Clatekanta OR 86374645 15 . 70 07/09/87 133 . 00 07/ 09/87 wsu 
J ... a River Corp . Clataltanta OR 86374645 14 . 50 11/16/87 110 . 00 09/30/87 wsu 
J ... a Rtvar Corp. Graan Bay WI H72EBC 8 . 50 12/06/88 29 . 00 12/06/88 CAL 
J ... a River Corp. Green Bay WI H72EAC 11 . 00 12/06/88 61.00 12/06/88 CAL 
Jamaa Rtvar Corp. Graan Bay WI H72EAC 19.00 06/28/89 72 . 00 06/28/89 CAL 
Jamaa Rtvar Corp. Green Bay WI H72EAC1 15 . 00 06/28/89 54 . 00 06/211/89 CAL 
J_.•• River Corp . Old Town HE H8EC 39 . 00 11/15/88 130.00 11/15/88 CAL 
Jamaa River Corp . St . Franceavilla LA H52EC 82 . 00 02/16/89 320 . 00 02/ 16/89 CAL 
Jam•• River Corp . Butler AL H96EC 06/16/88 23 . 00 11/04 / 88 72 . 00 11 / 04/ 88 CAL 
Leaf Rtvar Foraat Product• Naw Auauata HS H35SEC30 02/27/88 200 . 00 02/16/ 89 410 . 00 02/ 16/89 CAL 
Lonaviaw Fibre Co . Lonavtaw WA H53EC 06/29/88 •4 . 60 12/ 06/ 88 57 . 00 12/06/88 CAL 
Ketchikan Pulp 5 Paper Co . latchtlten AK H31EAC 08/15/ 1111 6 . 10 06/28/ 89 5. 30 06/211/ 89 CAL 
Ketchikan Pulp 5 Pape r Co. Ketchikan AK H31EBC 08/ 15/ 88 15. 00 06/28/ 89 7. 20 06/28/ 89 CAL 
Loulalene Pac ific Corp . Sownoa CA H70EC10 11/20/88 0 1/26/ 89 320 .00 01/ 26/89 CAL 

' slana Pac ific Corp . Sownoe CA H70EC100 11/20/ 88 61 .00 05/31 / 89 110 00 05/3 1/ 89 CAL 
':orporation · Chl111 cotha OH D£0260 1' 10/18/ 86 3 .00 11 .00 wsu 



A- 3 . TCDO/TCDP PI !LD DUPLICATES 

IMntD•PULP (ppt) 

ComptDY W% ~ §!!!!21• II! s-el! I!!U TCDD I CDI! D•U I£Qf ICDF Data b2 
International Paper Co. ll .. trop LA H85PAC 06/20/88 5. 10 12/16/88 22 . 00 12/16/88 wsu 
International Paper Co . ll.,trop LA H85PAC1 06/20/88 5.70 12/16/88 23 . 00 12/16/88 wsu 
Iattrnttiontl Peper Co . Georaet0t10 sc H70PAC 07/16/88 9 .20 11/04/ 88 38 . 00 11/04/88 wsu 
lnttrnttiontl Peper Co . GtorattOtiD sc H70PAC1 07/16/88 10 .00 11/04/88 41 .00 11/04/88 wsu 
International Paper Co . GtoraetOtiD sc H701'CC 07/16/88 17 .00 12/16/ 88 55 .00 12/16/88 wsu 
International Paper Co . Geora•t- sc H70PCC1 07/16/88 16 .00 12/16/ 88 52 .00 12/ 16/88 wsu 
Lttf River Forett Productt •- Auautta HS H35DPC60 02/ 27/ 88 14 .00 02/17/ 89 23 . 00 02/17/ 89 CAL 
Lttf River Forett Product• It- Auauata HS H35Sl'C60 02/27/88 15 .00 02/ 17/ 89 35 .00 02/17/89 CAL 
Head Corporation ltcanaba HI HP105 12/U/87 18 .00 03/ 09/ 88 68 .00 03/09188 CAL 
Head Corporation ltcanaba HI HP106 12/U/87 15 . 00 03/21/88 39 .00 03/21/88 CAL 
Potlatch Corp. L-itton ID H56PC 07/26/88 25.00 12/02/88 153 .00 12/02/88 wsu 
Potlatch Corp. L-itton ID H56l'Cl 07/26/88 27.00 12/02/88 147 .00 12/02/88 wsu 
Alab.., River Pulp Claiborn• AL H21PC 06/07/88 3 . 90 11/11/88 97 .00 11/11/88 wsu 
Alab,.. River Pulp Claiborn• AL H21PC1 06107/ 88 3 .80 11/11/88 98 .00 11/11/88 wsu 
lloitt Cttcadt Corp. Jtckton AL H65l'C 06/17/ 88 11.00 11/ 11/88 104 .00 11/11/88 NSU 
lloitt Cttcadt Corp. Jack t on AL H65l'C1 06/ 17/ 88 9 . 10 12/ 23/ 88 71 .00 12/23/88 wsu 
llruntwlck Pulp and Ptptr llruntwlck GA H87PAC 08/ 26/88 6 . 30 11/25/88 8 .00 11/ 25/88 wsu 

..... llrunawtck Pulp and Paper llrunawick GA H87PAC1 08/26/88 6 . 10 11/ 25/ 88 9 . 40 11/ 25/ 88 wsu 
1M llruntwlck Pulp and Paptr llruntwlck GA H87PIIC 08/26/88 1. 90 11 / 25/ 88 3 . 50 11/25/88 wsu 
\0 llrunawick Pulp and Ptpar lrunawlck GA H87PIIC1 08/26/88 1.60 11/25/88 2 . 90 11/25/88 wsu 

Ch.-pton Inttrnttiontl Quinn.,tc HI Q7P 12/15/87 7.70 03/09/88 50 . 00 03/09/88 CAL 
Ch.-plon Internati onal Quinn.,ac HI Q9P 12/15/87 7.80 03/09188 45 .00 03/09/88 CAL 
Ch.-pion International Cantoraent FL CPS300 01/15/88 2 . 00 09/30/88 2 .20 09/30/88 wsu 
Cha.plon International Canton~~~~nt FL CPS300 01/15/88 2 . 00 03/ 21/88 0 . 90 03/21/88 CAL 
Ch.-pion lnttrnatlonal Canto.....nt n CPS302 01/ 15/88 4 . 90 03/ 21/ 88 1. 10 03/ 21/88 CAL 
Ch.-plon lnttrnaUontl Canton IIC H47Cl00- 500 04/21/ 88 6 . 50 07/ 01/ 88 11 .00 07/01/ 88 wsu 
Cha.pion International Canton IIC H47C100-500Q 04/21/88 4 . 60 10/ 06/ 88 5 . 50 10/ 06/ 88 wsu 
Georaie-Paclfic Corp . Btlltnah- WA H60PC 07/ 22/ 88 2 . 60 12/ 09/ 811 449 .00 12/ 09/88 wsu 
Gtora&a- Paciftc Corp . lalUnah .. WA H60PC1 07/22/88 3 . 50 06/ 19/ 89 409 .00 06/19/89 CAL 
Scott Ptptr Co. Hinckley HE H61PCI 06/28/88 8 . 50 11 / 18/ 1111 37 .00 ll/18/118 wsu 
Scott Peper Co . Blnckley HE H61PCII1 06/28/88 7.90 11/18/88 35 .00 11/18/88 wsu 
Sl•pton Ptper Co . Pt ttdant TX H2PAC 10/08/88 14.00 12/23/118 411 . 00 12/23/88 wsu 
St•paon Paper Co . Paaadena TX H2PAC1 10/08/88 18 . 00 12/23/118 66 . 00 12/23/811 wsu 
Weyerhtuatr Co . CotiDOpoUt WA H4PAC 08/ 06/ 118 1.00 12/ 09/118 6 . 30 12/09188 wsu 
Weyerhtuatr Co . Coa.opoUt WA H4PAC1 08/ 06/ 88 12/ 09/ 118 6 . 40 12/09/88 wsu 
Weyerhtuatr Co . Co.-opoUt WA H4PIIC 08/ 06/ 118 0.30 12/ 30/ 1111 3 . 10 12/30/ 88 wsu 
Weyarhauatr Co. Co.-opoUt WA H4PIIC1 08/ 06/ 88 0 . 30 12/30/ 88 2 .90 12/ 30/ 88 wsu 
Weyerhauatr Co. Lonavl- WA H4 5PAC 08/02/ 88 1. 70 12/ 02/ 88 2 .80 12/ 02/88 wsu 
Weytrhtuatr Co. Lonavt- WA H45PAC1 08/02/ 88 1.60 12/ 02/ 88 2 . 110 12/ 02/ 88 wsu 



A- 3. TCDO/l'CDF FIELD DUPLICATES (<XMTIJruP.D) 

HA11UX-6l.UOGE ( ppt.) 

COI8DanY £1!1 Stat. a §-ell ID S!!!!!J!l! [!at.t I£Q.l! J!:DD Data TCDf TCDF Data ~ 

International Paper Co. Tazarkana TX H99SC 08/06/88 71 . 00 01/03/89 1000 . 00 01/03/89 CAL 
International Paper Co. Tazarkana TX H99SC1 08/06/88 01/03/119 600 . 00 01/03/89 CAL 
Alab .. a River Pulp Claiborne AL H21SC 06/07/88 81.00 12/06/88 373 .00 12/06/88 CAL 
Alab ... River Pulp Claiborne AL H21SC1 06/07/88 73.00 12/06/88 393 .00 12/06/88 CAL 
Alab..a River Pulp Claiborne AL H21SC2 06/07/88 68 . 00 01 /26/89 342 . 00 01/26/89 CAL 
Bola• Caacada Corp . Jackaon AL H6SSC 06/17/88 18.00 12/22/88 14 7 . 00 12/22/88 CAL 
Bolaa Caacada Corp. Jackaon AL H6SSC1 06/17/88 18 .00 12/22/88 169 .00 12/22/88 CAL 
Ch.-pion International Canton tiC H47Jl00-SOO 04/21/88 17!1 . 00 07/01/88 07/01/ 88 wsu 
Cha.plon International Canton tiC H47JlOO-SOOQ 04/21/88 172 . 00 10/06/88 260 .00 10/06/88 wsu 
Federal Paper Board Co . Rlaael.ocxt tiC H16SC 12/13/88 3 . 80 04/19/89 S.20 04/19/89 CAL 
Federal Paper Board Co. Rhaalwood tiC H16SCO 12/13/88 2 . 90 04/19/89 3 . 30 04/19/89 CAL 
Scott. Paper Co. BlncUay HE H61SCA 06/28/88 33 . 00 12/06/88 106 .00 12!06/88 CAL 
Scott. Papar Co . BtncUay HE H61SCA1 06/28/88 39 . 00 12/06/88 149 .00 12/06/88 CAL 
St~aon Paper Co. Taco.a WA H81SC 10/29/88 39 . 00 06119/89 101.00 06/19/89 CAL 
Si•paon Paper Co . TacO!Ia WA H81SC D 10/29/88 29 . 00 06/19/89 106 . 00 06119/89 CAL 
Wayarhauaar Co. Lonavlaw WA H4SSC-L 08/02/88 2!1 . 00 12/22/88 80 .00 12/22/88 CAL 
Wayarhauaar Co . Lonavtaw WA H4SSC1-L 08/02/88 12/22/88 84 .00 12/22/88 CAL 

...... Wayarhauaar Co. Maw Barn NC H6SC 08/13/88 373 . 00 12/19/ 88 1920 .00 12/19/88 CAL 
~ Wayarhauaar Co. "" Barn NC H6SC1 08/13/88 213 . 00 12/19188 1600 .00 12/ 19/88 CAL 
0 

HA11UX-urt.UDIY (ppq) 

CO!!panY uu ll!1:.! ll-ela 10 S!!!!i!h Dat.t I£Q.l! ICDD [!ata l£Q! ICDf Data ~ 

International Paper Co . Gaoraatown sc H70EC 07/16188 640 . 00 11/22/88 1600 .00 11/22/88 CAL 
Int.arnat.tonal Paper Co. Gaoraat.own sc H70EC1 07/16188 uo .oo 11/22/ 88 lSOO . OO 11/22/88 CAL 
Int.arnat.ional Papar Co . Tazarkana TX H99EC 08/0~/88 13.00 11/22/ 88 43 .00 11/22/88 CAL 
Int.arnat.lonal Papar Co . Tazarkana TX H99EC1 08/06/88 18 .00 11/22/88 44 .00 11/22/88 CAL 
International Papar Co. Ttcondaroaa NY H9EC 06124/88 18 . 00 11/04/88 1!10 .00 11/04/88 CAL 
J ... a River Corp. Graan Bay WI H72EAC 19 . 00 06/28/89 72 .00 06/28/89 CAL 
J .. aa River Corp. Graan Bay WI H72EAC1 1!1 .00 06128/89 !14 .00 06/28/89 CAL 
Potlatch Corp. Lawht.on ID HS6EC 07/26/88 71 . 00 11/lS/88 360 . 00 11/15/88 CAL 
Potlatch Corp. Lawtat.on ID H56EC1 07/26/88 79 . 00 11/15/88 320 .00 11/lS/88 CAL 
Alab .. a Rtvar Pulp Claiborne AL H21EC 06/07/88 41 . 00 11/04/88 250 .00 11/04/88 CAL 
Alab ... River Pulp Claiborne AL H21EC1 06/07/88 40 . 00 11 / 04/88 250 .00 11/04 / 88 CAL 
Alab .. a Rtvar Pulp Claiborne AL H21EC2 06/07/88 46 . 00 01/03/89 210 .00 01/03/ 89 CAL 
Bola• Caacada Corp. Jackaon AL H6SEC 06/17/88 95 . 00 01/26/89 540 .00 01126189 CAL 
Bot•• Caacada Corp . Jack eon AL H65EC1 06/17/88 120 . 00 01/26189 630 .00 01 / 26/89 CAL 
Brunawlck Pulp and Paper Brunawtck GA H87EC 08/26/88 30 . 00 12/06188 68.00 12/06/88 CAL 
Brunawlck Pulp and Paper Brunswick GA H87EC1 08/26188 30 .00 12/06/88 50 . 00 12/06/88 CAL 
Scott Paper Co. Hinckley HE H61EC 06/28/88 16 . 00 12/19/88 63 . 00 12119/88 CAL 
Scott Paper Co. Hinck lay HE H61EC1 06/28/88 19 . 00 12/19/88 100 . 00 12/19/88 CAL 
Stmpaon Paper Co . Tacoma WA H81EC 10/ 29/88 OS/31/89 26 .00 OS/31/ 89 CAL 
Slmpaon Paper Co . Taco.• WA HII1EC1 10/ 29/88 05/3 1/ 119 22 .00 OS / 31/89 CAL 
Wayarhauaar Co . lonavtaw WA H45EC-L 011/02/1111 10 .00 11/15/ 811 37 .00 11 / 15/ 88 CAL 
Wayarhauaar Co . lonavtaw WA H45EC1- L 011/ 02/ 811 8 . 50 11/ 15/ 88 21 .00 11/ 15/ 88 CAL 



A- -. taiO/TCDP LAB DUPLICATES 

HATR.IX•PULP ( ppt.) 

C~anY ill.! lli.1.t §!ll!l!l• ~~ S!!!!l!l! Qate ~ JCQD Oat.! JCOF IC~[ Data ~ 

Int.arnat.ional Paper Co. Jay HE RG186367 55.70 04/21/87 181.00 04/21/87 wsu 
International Paper Co. Jay HE RG186367 46 . 70 08/19/87 183.00 08/19/87 wsu 
International Paper Co. Pine Bluff AR HS1PAC 06/17/88 21 .00 11/18/88 647 .00 11/18/88 wsu 
International Paper Co. Pine Bluff AR HS1PAC 06/17/88 23 .00 11/18/88 661.00 11/18/88 wsu 
International Paper Co. Ttc:ondaroaa NY H9PAC 06/24/88 16 .00 11/04/88 103 . 00 11/04/88 wsu 
International Paper Co . Tic:ondaroaa NY H9PAC 06/24/88 17 .00 11/04/88 108.00 11/04/88 wsu 
J ... a River Corp. Clatlkania at 86374612 10 .20 04/21/87 54.30 04/21/87 wsu 
J ... a River Corp. Chtekanh OR 86374612 11 . 00 08/19/87 64 . 40 08119/87 wsu 
J ... a River Corp. Clatlkanla OR 86374661 12 .60 04/21 /87 63 . 90 04/21 / 87 wsu 
Lonavi .. Fibre Co. Lonavi .. WA H53PAC 06/29188 4 . 80 12/02/88 12/02/88 wsu 
Lonavi .. Fibre Co. Lonavi .. WA H53PAC 06/29/88 4 . 40 06/19189 28.00 06/19/89 CAL 
Lonavi .. Fibre Co . Lonavt .. WA H53PAC D 06/29188 4.70 06/19/89 26 . 00 06/19/89 CAL 
Bolaa Caac:ada Corp . St . Balan• at H76PC60 06/27/88 4 .20 04/19/ 89 12.00 0-/1t/89 CAL 
Bolaa Caac:ada Corp. St.. Balan• OR H76l'C600 02/24/89 -.40 04/19/89 11.00 04/19/89 CAL 
Boha Caac:ada Corp. International Falla HN 0!020902 U .20 03/19187 wsu 
Bolaa Caac:ada Corp. Intarnatlonal Falla HN 0!020902 16 . 30 04/21/87 333 . 00 04/21/87 wsu 
Ch-.plon International Lufkin TX OF02Ull 3 . 89 04/21187 7. 68 04/21187 wsu 

t-' 
Cha~~~plon lntamatlonal Lufkin TX DF02Ull 3 . 99 08119187 7.90 08119/87 wsu 

"' Ch-.plon lnt.amatlonal Can t-nt. FL CPB300 01/15/88 0 . 70 09130/88 4 . 10 09/30/88 wsu 
t-' Ch-.pion International Can~nt. FL CPB300 01/15188 1.00 03/21/88 0 . 70 03/21/88 CAL 

Ch-.pion lntarnatlonal Cut t-nt. FL CPS300 01/15/88 2 .00 09/30/88 2.20 09/30/88 wsu 
Ch-.pion lntarnatlonal Can~t FL CPS300 01/15188 2 .00 03/21/88 0.90 03/21/88 CAL 
Federal Paper Board Co. lt•aal~ IC Hl6POC 12/13/88 3 . 20 01/17/89 1.30 01/17/89 wsu 
Federal Paper Board Co . ••••• t~ Me Hl6POC 12/13/88 3 . 30 01/17/89 1. so 01/ 17/89 wsu 
P.B. Glatfelter Co. Sprlna Orova PA H6-PCSO 10/28/88 3 . 90 01/12/89 13 . 00 01/12/89 CAL 
P.R. Olat.faltar Co . Sprtna Grova PA H64PC500 10/28/88 6 .50 01/12/89 18 . 00 01/12/89 CAL 
Sc:ot.t Paper Co. ~•k•aon HI H92PC 06/ 13/88 0 . 30 11/11/ 88 1. 00 11/11/88 wsu 
Sc:ot.t. Paper Co. ~akaaon HI H92PC 06/13/88 0 . 40 11/11/ 88 1 .40 11/11/ 88 wsu 
Unlon C.-p Corp. Frutklln VA UCS600 05/08/88 5 . 20 11/03/88 5.70 11/03/88 CAL 
Union Ca~~~p Corp. Frutklln VA UCS6000 05/08/88 5 . 40 11/03/88 6 . 90 11/03/88 CAL 
Waat.vac:o Co1rp. Wlc:Ulffa XY H78PAC 07/ 23188 12 .00 12/09188 55 .00 12/ 09/88 wsu 
Waatvac:o Corp . Wtc:UUfa ICY H78PACD 07/23/88 11 .00 12/09/88 54.00 12/09/ 88 wsu 





FIGURE B-1 

PULP TCDD 
PROBABILITY PLOT: DETECTED VALUES ONLY 
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FIGURE 8- 2 

PULP TCDF 
PROBABILITY PLOT: DETECTED VALUES ONLY 
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FIGURB 8- 3 

SLUDGE TCDD 
PROBABILITY PLOT: DETECTED VALUES ONLY 
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FIGURE B- 4 

SLUDGE TCDF 

PROBABILITY PLOT: DETECTED VALUES ONLY 
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FIGURB 8-S 

EFFLUENT TCDD 
PROBABILITY PLOT: DETECTED VALUES ONLY 
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FIGURE B- 6 

EFFLUENT TCDF 
PROBABILITY PLOT: DETECTED VALUES ONLY 
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. FIGURE B- 8 

PULP TCDF 
PROBABILITY PLOT 
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· FIGURE B- 9 

SLUDGE TCDD 
PROBABILITY PLOT 
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FIGURE B- 10 

SLUDGE TCDF 
PROBABILITY PLOT 
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FIGURE B- 11 

EFFLUENT TCDD 
PROBABILITY PLOT 
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FIGURE B- 12 

EFFLUENT TCDF 
PROBABILITY PLOT 
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FIGURE B- 13 

·ADJUSTED PULP TCDD 
PROBABILITY PLOT 
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FIGURE B- 14 

ADJUSTED PULP TCDF 

PROBABILITY PLOT 
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FIGURE B- IS 

ADJUSTED SLUDGE TCDD 
PROBABILITY PLOT 
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FIGURE B- 16 

ADJUSTED SLUDGE TCDF 

PROBABILITY PLOT 
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FIGURE B- 17 

ADJUSTED EFFLUENT TCDD 
PROBABILITY PLOT 
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· FIGURE B- 18 

ADJUSTED EFFLUENT TCDF 
PROBABILITY PLOT 
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U.S. EPA / PAPER INDUSTRY 
COOPERATIVE DIOXIN STUDY 

ANALYTICAL RESULTS 

This report presents all analytical data for 2,3,7,8-
TCDD and 2,3,7,8-TCDF in pulp, effluent and aludge 
received to date under the Cooperative Dioxin Study. 
Data are liated by aill. Abbreviations used in this 
report are defined below. If there are any questions 
concerning the data, contact Jennie Helms at (202)382-
7155. 

UNITS: The unit of measurement for 2378-TCDD/TCOF 
concentration 

ppt • part per trillion 
ppq • part per quadrillion 

2378-TCOO/TCOF 
CONCENTRATION: Reported value of chemical concentration 

NO • Not Detected, in these instances the value 
reported is the detection limit 

NQ • Not Quantified, lab analyses are being re-run 
tor these samples 

LAB : The analytical laboratory which completed the analysis 
CAL • California Analytical Laboratories 

Enseco, CA 
wsu • Brehm Laboratory , Wright State Univ. 

Dayton, OH 
TRI • Triangle Laboratories 

Research Triangle Park, NC 

NOTES: Comments on analysis or sample origin 
LDUP • laboratory duplicate sample 
FDUP • field duplicate sample 

SAMPLE DATE: Date on which the mill began collecting five­
day composite samples of pulp, effluent and sludge. The 
sample date. is a general indicator of the timeframe for 
sample collection. 





03/09/90 
U.S. EPA/ Paper Industry 
Cooperative Dioxin Study 

Sample 2378-TCDD 
Matrix Units Concentration 

Analytical Results 

2378-TCDF 
Concentration 

Sample 
Lab Comments Date 

** State: AK 

* Alaska Pulp Corp. Sitka 
Effluent ppq 7.7 NO 32.0 CAL 08/27/88 
Pulp ppt 0.7 NO 1.4 wsu 08/27/88 
Sludge ppt 4.7 42.0 CAL 08/27/88 

* Ketchikan Pulp ' Paper Co. Ketchikan 
Effluent ppq 6.7 NO 5.3 NO CAL 08/15/88 
Effluent ppq 15.0 7.2 CAL 08/15/88 
Pulp ppt 0.3 NO 0.3 NO WSU 08/15/88 
Sludge ppt 3.5 o.o NQ CAL LDUP 08/15/88 
Sludge ppt 0.4 2.0 LDUP 08/15/88 



03/09/90 
u.s . EPA/ Paper Industry 
Cooperative Dioxin Study 

Sample 2378-TCDD 
Matrix Units Concentration 

** State : AL 

* Alabama River Pulp 
Effluent ppq 41.0 
Effluent ppq 40.0 
Effluent ppq 46 . 0 
Pulp ppt 43 . 0 
Pulp ppt 3.9 
Pulp ppt 3.8 
Sludge ppt 81.0 
Sludge ppt 73.0 
Sludge ppt 68 . 0 

* Boise Cascade Corp. 
Effluent ppq 120 . 0 
Effluent ppq 95 . 0 
Pulp ppt 11.0 
Pulp ppt 9.1 
Sludge ppt 18.0 
Sludge ppt 18.0 

* Champion International 
Effluent ppq 77 . 0 
Pulp ppt 3 . 5 
Pulp ppt 23.0 
Sludge ppt 215.0 

* Container Corp. of America 
Effluent ppq 6.5 
Pulp ppt 2.3 
Sludge ppt 16.0 

* Gulf States Paper Corp. 
Effluent ppq 38.0 
Pulp ppt 5.2 
Sludge ppt 51 . 0 
Sludge ppt 37 . 0 

* International Paper Co . 
Effluent ppq o.o 
Effluent ppq 100.0 
Pulp ppt 20 . 0 
Pulp ppt 21.0 
Pulp ppt 3 . 5 
Pulp ppt 27.0 
Sludge ppt 108 . 0 

NQ 

Analytical Results 

2378-TCDF 
Concentration 

Claiborne 
250 . 0 
250 . 0 
210.0 
120.0 

97 . 0 
98.0 

373.0 
393 . 0 
342.0 

Jackson 
630 . 0 
540 . 0 
104.0 

71 . 0 
147 . 0 
169 . 0 

Courtland 
340 . 0 

7.6 
102 . 0 
923 . 0 

Brewton 
10 . 0 

4 . 5 
34 . 0 

Demopolis 
110.0 

20 . 0 
0.0 

107 . 0 

Mobile 
850.0 
490.0 
104.0 
106.0 

14 . 0 
138.0 
617.0 

Sample 
Lab Comments Date 

---------- ------

CAL FPUP 06/07/88 
CAL FDUP 06/·07/88 
CAL FDUP 06/07/88 
wsu 06/07/88 
WSU FDUP 06/07/88 
WSU FDUP 06/07/88 
CAL FDUP 06/07/88 
CAL FDUP 06/07/88 
CAL FDUP 06/07/88 

CAL FDUP 06/17/88 
CAL FDUP 06/17/88 
WSU FDUP 06/17/88 
WSU FDUP 06/17/88 
CAL FDUP 06/17/88 
CAL FDUP 06/17/88 

CAL 06/24/88 
wsu 06/24/88 
wsu 06/24/88 
CAL 06/24/88 

NO CAL 07/01/88 
wsu 07/01/88 
CAL 0.7/01/88 

CAL 06/14/88 
wsu 06/14/88 

NQ CAL LDUP 06/14/88 
CAL LDUP 06/14/88 

CAL LDUP 10/24/88 
CAL LDUP 10/24/88 
WSU 10/24/88 
wsu 10/24/88 
wsu 10/24/88 
CAL 10/24/88 
CAL 10/24/88 



03/09/90 
U.S . EPA/ Paper Industry 
Cooperative Dioxin Study 

Analytical Results 

Sample 2378-TCDO 2378-TCDF Sample 
Matrix Units Concentration Concentration Lab Comments Date ------ ----- ------------- ------------- -------- ------

• International Paper Co. Selma 
Effluent ppq 81.0 310.0 CAL 06/26/88 
Pulp ppt 2 . 1 21.0 wsu 06/26/88 
Pulp ppt 4.7 22.0 wsu 06/26/88 
Sludge ppq 680.0 2900.0 CAL Non-dewa 06/26/88 

tered 

• James River Corp. Butler 
Effluent ppq 23.0 72.0 CAL 06/16/88 
Pulp ppt 3.3 19.0 wsu 06/16/88 
Pulp ppt 1.2 1 . 4 WSU 06/16/88 
Pulp ppt 3.7 30 . 0 wsu 06/16/88 
Sludge ppq 330.0 1100.0 CAL Non-dewa 06/16/88 

tered 

• Kimberly-Clark Corp. Coosa Pines 
Effluent ppq 35.0 74 . 0 CAL 08/26/88 
Pulp ppt 0.3 NO 1.0 WSU 08/26/88 
Pulp ppt 4.1 7.3 wsu 08/26/88 
Pulp ppt 11.0 38.0 wsu 08/26/88 
Pulp ppt 2.6 3.3 wsu 08/26/88 
Sludge ppq 3800.0 9200.0 CAL Non-dewa 08/26/88 

tered 

• Scott Paper Co. Mobile 
Effluent ppq 14.0 19.0 CAL 01/13/89 
Pulp ppt 1.7 2.2 CAL 01/13/89 
Pulp ppt 0.6 0.8 CAL 01/13/89 
Pulp ppt 2.2 4.3 CAL 10/24/88 
Sludge ppt 9 . 5 18.0 CAL 

,' 
01/13/89 



03/09/90 
u.s . EPA/ Paper Industry 
Coopera tive Dioxin study 

Analytical Results 

Sample 2378-TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentration Lab Comments Date ------ ----- ------------- ------------- -------- ------

** State: AR 

* Georgia-Pacific Corp. Crosset 
Effluent ppq 96.0 370.0 CAL 09/02/88 
Pulp ppt 6~0 59.0 wsu 09/02/88 
Pulp ppt 7.7 89.0 wsu 09/02/88 
Pulp ppt 19.0 308.0 wsu 09/02/88 
Sludge ppt 168.0 1680 . 0 CAL PRIM 09/02/88 
Sludge ppq 0.0 NQ 740.0 CAL LDUP 09/02/88 

Non-dewa 
tered 

Sludge ppq 190.0 710.0 CAL LDUP 09/02/88 
Non- dewa 
tered 

* International Paper Co. Pine Bluff 
Effluent ppq 110.0 1100 . 0 CAL 06/17/88 
Pulp ppt 21.0 647 . 0 WSU LDUP 06/17/88 
Pulp ppt 23.0 661 . 0 WSU LDUP 06/17/88 
Pulp ppt 5.0 57 . 0 wsu 06/17/88 
Sludge ppt 185.0 2940 . 0 CAL 06/17/88 

* Nekoosa Papers, Inc . Ashdown 
Effluent ppq 41.0 94 . 0 CAL 10/08/88 
Pulp ppt 2.8 27.0 wsu 10/08/88 
Pulp ppt 5.5 12.0 wsu 10/08/88 
Sludge ppt 13.0 30.0 CAL 10/08/88 

* Potlatch Corp . McGhee 
Effluent ppq 40.0 100 . 0 CAL 07/15/88 
Pulp ppt 21.0 59.0 wsu 07/15/88 
Pulp ppt 12 . 0 83.0 wsu 07/15/88 
Sludge ppt 91.0 433.0 CAL 07/15/88 



03/09/90 
U.S. EPA/ Paper Industry 
Cooperative Dioxin Study 

Analytical Results 

Sample 
Matrix 

2378-TCDD 
Units Concentration 

2378-TCDF 
Concentration 

Sample 
Lab Comments Date 

** State: AZ 

• Stone Container Corp. 
Effluent ppq 
Pulp ppt 

Snowflake 
5.5 39.0 
0.7 NO 1.3 

CAL 
wsu 

07/17/88 
07/17/88 



03/09/90 
u.s . EPA/ Paper Industry 
Cooperative Dioxin study 

Analytical Results 

Sample 2378-TCDD 2378 - TCDF Sample 
Matrix Units Concentration Concentration Lab Comments Date ------ ----- ------------- ------------- -------- ------

** State: CA 

* Gaylord Container Corp. Antioch 
Effluent ppq 49.0 800.0 CAL 10/15/88 
Pulp ppt 32.0 969.0 wsu 10/15/88 
Sludge ppt 101.0 1570.0 CAL 10/15/88 

* Louisiana Pacific corp . Samoa 
Effluent ppq o.o NQ 320.0 CAL LDUP 11/20/88 
Effluent ppq 67.0 170.0 CAL LDUP 11/20/88 
Pulp ppt 9.1 59.0 CAL 11/20/88 

* Simpson Paper Co. Anderson 
Effluent ppq 250.0 8400.0 CAL 06/24/88 
Pulp ppt 49.0 2620.0 wsu 06/24/88 
Sludge ppt 278.0 6740.0 CAL 06/24/88 

* Simpson Paper Co. Fairhaven 
Effluent ppq 100.0 660.0 CAL 08/06/88 
Pulp ppt 20.0 106.0 CAL 08/06/88 



03/09/90 
u.s. EPA/ Paper Industry 
cooperative Dioxin Study 

Analytical Results 

Sample 2378-TCDD 2378-TCDF Sample 
Matrix Units concentration Concentration Lab Comments Date ------ ----- ------------- ------------- -------- ------

** state: FL 

* . Buckeye Cellulose Perry 
Effluent ppq 27.0 80.0 CAL 06/14/88 
Pulp ppt 0.5 0 . 7 CAL 06/14/88 
Pulp ppt 0.8 NO 2 . 5 CAL 06/14/88 
Sludge ppt 12.0 40 . 0 CAL PRIM 06/14/88 

* Champion International Cantonment 
Effluent ppq 11.0 NO 38.0 CAL 01/15/88 
Pulp ppt 0 . 7 NO 4.1 WSU LDUP 01/15/88 
Pulp ppt 1.0 NO 0 . 7 NO CAL LDUP 01/15/88 
Pulp ppt 2.0 2 . 2 WSU FDUP 01/15/88 

LDUP. 
Pulp ppt 2.0 0.9 CAL LDUP , FDU 01/15/88 

p 
Pulp ppt 4.9 1.1 CAL FDUP 01/15/88 
Sludge ppt 14.0 21.0 CAL 01/15/88 

• Georgia-Pacific Corp • Palatka 
Effluent ppq 16.0 38.0 CAL 07/05/88 
Pulp ppt 0.5 NO 0.9 NO WSU 07/05/88 
Pulp ppt 0 . 5 ND 2.4 wsu 07/05/88 
Sludge ppq 92 . 0 410.0 CAL Non-dewa 07/05/88 

tered 

* ITT-Rayonier, Inc. Fernandina Beach 
Effluent ppq 7.0 35.0 CAL 07/06/88 
Pulp ppt 0.2 NO 0.5 NO WSU 07/07/88 
Sludge ppt 4.7 32.0 CAL 07/06/88 

* st. Joe Paper co . Port St. Joe 
Effluent ppq 21.0 60 . 0 CAL 08/02/88 
Pulp ppt 2 . 2 5.7 wsu 08/02/88 

* Stone Container Corp . Panama City 
Effluent ppq 8.4 NO 7 . 9 CAL 07/19/88 
Effluent ppq 6.9 18.0 CAL POTW 07/19/88 

Effluent 
Pulp ppt 0.1 NO 6.6 wsu 07/19/88 
Sludge ppt 3.6 16.0 CAL 07/19/88 



03/09/90 
u.s. EPA/ Paper Industry 
Cooperative Dioxin Study 

Analytical Results 

Sample 2378-TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentration Lab Comments Date 
------ ----- ------------- ------------- --------- ------

** State: GA 

* Brunswick Pulp and Paper Brunswick 
Effluent ppq 30.0 68.0 CAL FDUP 08/26/88 
Effluent ppq 30.0 50.0 CAL FDUP 08/26/88 
Pulp ppt 6.3 8.0 WSU FDUP 08/26/88 
Pulp ppt 6.1 9 . 4 WSU FDUP 08/26/88 
Pulp ppt 1.9 3 . 5 WSU FDUP 08/26/88 
Pulp ppt 1 ~ 6 2.9 WSU FDUP 08/26/88 
Pulp ppt 3.6 4 . 3 wsu 08/26/88 
Pulp ppt 8.3 12.0 wsu 08/ 26/88 
Sludge ppt 33.0 62.0 CAL 08/ 26/88 

* Buckeye Cellulose Oglethorpe 
Effluent ppq 12.0 NO 26.0 CAL 07/23/88 
Pulp ppt 0.5 NO 0.9 NO CAL 07/23/88 
Sludge ppt 2.6 6.1 CAL LDUP 07/23/88 
Sludge ppt 2 . 6 3.0 CAL LDUP 07/23/88 

* Federal Paper Board Co . Augusta 
Effluent ppq 16 . 0 47 . 0 CAL 06/10/88 
Pulp ppt 2 . 4 7 . 9 wsu 06/10/88 
Pulp ppt 4 . 9 15 . 0 WSU 06/10/88 
Pulp ppt 7.9 19 . 0 wsu 06/10/88 
Sludge ppq 680 . 0 1400.0 CAL Non-dewa 06/ 10/ 88 

tered 

* Gilman Paper Co . St. Marys 
Effluent ppq 6.5 NO 17.0 CAL 09/02/88 
Pulp ppt 2.8 6.8 wsu 09/02/88 
Pulp ppt 3.7 12.0 wsu 0.9/02/88 
Sludge ppq 220.0 610.0 CAL Non-dewa 09/ 02/88 

tered 

* ITT-Rayonier , Inc. Jesup 
Effluent ppq 24 . 0 o.o NO CAL LOUP 07/24/88 
Effluent ppq 23 . 0 16 . 0 CAL 07/24/88 
Effluent ppq 11 . 0 4.2 CAL LDUP 07/ 24/88 
Pulp ppt 0 . 6 NO 0 . 8 NO CAL 07/ 24/ 88 
Pulp ppt 0.3 NO 0 . 8 wsu 07/24/88 
Pulp ppt 0.7 NO 0 . 6 wsu 07/24/88 
Pulp ppt 0 . 7 NO 0.9 wsu 07/24/88 
Sludge ppt 3 . 0 2 . 4 CAL 07/24/88 



03/09/90 
u.s . EPA/ Pa per Industry 
Cooperative Dioxin Study -

Sample 
Matrix 

2378-TCDD 
Units Concentration 

** State : ID 

* Potlatch Corp. 
Effluent ppq 
Effluent ppq 
Pulp ppt 
Pulp ppt 
Sludge ppt 

71.0 
79.0 
25.0 
27.0 
78.0 

Analytical Results 

2378-TCDF 
Concentration 

Lewiston 
360.0 
320.0 
153 . 0 
147.0 
639 . 0 

Sample 
Lab Comments Date 

CAL FDUP 
CAL FDUP 
WSU FDUP 
WSU FDUP 
CAL 

07/26/88 
07/26/88 
07/26/88 
07/26/88 
07/26/88 



03/09/90 
u.s . EPA/ Paper Industry 
cooperative Dioxin study 

Sample 2378-TCDD 
Matrix Units Concentration 

Analytical Results 

2378-TCDF 
Concentration 

Sample 
Lab Comments Date 

** State: KY 

* Westvaco Corp. Wickliffe 
Effluent ppq 35.0 150 . 0 CAL 07/23/88 
Pulp ppt 12.'0 55.0 WSU LDUP 07/23/88 
Pulp ppt 11.0 54.0 WSU LDUP 07/23/88 
Pulp ppt 2.1 25.0 wsu 07/23/88 
Sludge ppt 9.4 46.0 CAL 07/23/88 

* Wilamette Industries Hawesville 
Effluent ppq 11.0 NO 8.0 NO CAL 10/28/88 
Pulp ppt 0.3 NO 1.1 wsu 10/28/88 
Pulp ppt 0 . 5 NO 1.9 WSU 10/28/88 
Sludge ppq 83.0 380.0 CAL Non-dewa 10/28/88 

tered 
Sludge ppq 52.0 210.0 CAL Non-dewa 10/28/88 

tered 



03/09/90 
u.s. EPA/ Paper Industry 
Cooperative Dioxin Study 

Analytical Results 

Sample 2378- TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentr ation Lab Comments Date ------ ----- ------------- ------------- -------- ------

** State : IA 

* Boise Cascade Corp. Deridder 
Effluent ppq 9.2 44.0 CAL 06/10/88 
Pulp ppt 5.3 8.7 wsu 06/10/88 
Sludge ppq 280 . 0 440.0 CAL Non- dewa 06/10/88 

tered 

* Georgia-Pacific Corp . Zachary 
Effluent ppq 190 . 0 o.o NQ CAL LDUP 07/21/88 
Effluent ppq 160 . 0 3000 . 0 CAL LDUP 07/21/88 
Pulp ppt 16 . 0 539.0 wsu 07/21/88 
Pulp ppt 5.2 78.0 WSU 07/21/88 
Pulp ppt 27.0 632 . 0 wsu 07/21/88 
Sludge ppt 17.0 421.0 CAL 07/21/88 

* International Paper Co. Bastrop 
Effluent ppq 330 . 0 1600.0 CAL 06/20/88 
Pulp ppt 5.1 22.0 WSU FDUP 06/20/88 
Pulp ppt 5.7 23 . 0 WSU FDUP 06/20/88 
Pulp ppt 6.3 42.0 wsu 06/20/88 
Sludge ppt 140.0 677.0 CAL 06/20/88 

* James River Corp . St. Francesville 
Effluent ppq 82.0 320.0 CAL 06/20/88 
Pulp ppt 6 . 4 19.0 wsu 06/20/88 
Pul p ppt 4.9 15.0 wsu 06/20/88 
Sludge ppt 96 . 0 243.0 CAL 06/20/88 



03/09/90 

Sample 
Matrix Units ------ -----

•• State : MD 

u.s. EPA/ Paper Industry 
Cooperative Dioxin Study 

Analytical Results 

2378-TCDD 2378-TCDF 
Concentration Concentration Lab 
-------------- -------------

• Westvaco Corp . Luke 
Effluent ppq 16.0 49.0 CAL 
Pulp ppt 29.0 157.0 . wsu 
Sludge ppt 80.0 471.0 CAL 

Sample 
Comments Date -------- ------

06/28/88 
06/28/88 
06/28/88 



03/09/90 
u.s. EPA/ Paper Industry 
Cooperative Dioxin Study 

Analytical Results 

Sample 2378-TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentration Lab Comments Date ------ ----- ------------- ------------- -------- ------

** State: ME 

* Boise Cascade Corp. Rumford 
Effluent ppq 120.0 570.0 CAL 06/02/88 
Pulp ppt 116.0 800.0 wsu 06/02/88 
Pulp ppt 17.0 111.0 wsu 06/02/88 
Sludge ppt 105.0 674.0 CAL 06/02/88 

* Georgia-Pacific Corp. Woodland 
Effluent ppq 6.8 25.0 CAL 07/22/88 
Pulp ppt 0.4 ND 0 . 9 wsu 07/22/88 
Sludge ppt 1.9 ND 7.3 CAL 07/22/88 

* International Paper Co. Jay 
Effluent ppq 88.0 420.0 wsu 01/15/87 
Pulp ppt 26.0 140.0 wsu 01/15/87 
Pulp ppt 51.0 180.0 wsu 01/15/87 
Sludge ppt 500.0 2100.0 wsu SEC 01/15/87 
Sludge ppt 180.0 760.0 wsu COMB 01/15/87 

* James River Corp. Old Town 
Effluent ppq 39.0 130.0 CAL 08/01/88 
Pulp ppt 13.0 51.0 wsu 08/01/88 
Sludge ppt 12.0 34.0 CAL 08/01/88 

* Lincoln Pulp and Paper Lincoln 
Effluent ppq 32.0 130.0 CAL 11/19/88 
Pulp ppt 16 . 0 94.0 wsu 11/19/88 
Sludge ppt 48.0 223.0 CAL 11/19/88 

* Scott Paper Co. Hinckley 
Effluent ppq 19.0 100 . 0 CAL FDUP 06/28/88 
Effluent ppq 16.0 63.0 cAL FDUP 06/28/88 
Pulp ppt 1.9 10.0 wsu 06/28/88 
Pulp ppt 8.5 37.0 WSU FDUP 06/28/88 
Pulp ppt 7.9 35.0 WSU FDUP 06/28/88 
Sludge ppt 33.0 106.0 CAL FDUP 06/28/88 
Sl\.\dge ppt 6.9 29.0 CAL 06/28/88 
Sludge ppt 39 . 0 149.0 CAL FDUP 06/28/88 
Sl~dge ppt 67.0 330.0 CAL 06/28/88 

* Scott Paper co. Westbrook 
Effluent ppq 6.3 12 . 0 CAL 06/30/88 
Pulp ppt 4.2 16.0 wsu 06/30/88 
Pulp ppt 8.1 30.0 wsu 06/30/88 
Sludge ppt 13.0 55.0 CAL 06/30/88 



03/09/90 
u.s. EPA/ Paper Industry 
Cooperative Dioxin Study 

Analytical Results 

Sample 2378-TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentration Lab Comments Date 
------ ----- ------------- ------------- -------- ------

** State: MI 

* Champion International Quinnesec 
Effluent ppq 9.0 66.0 WSU 12/15/87 
Pulp ppt 7.7 50.0 CAL FDUP 12/15/87 
Pulp ppt 7.8 45.0 CAL FDUP 12/15/87 
Sludge ppt 95.0 735.0 wsu 12/15/87 

* Mead Corporation Escanaba 
Effluent ppq 17.0 NO 50.8 WSU 12/15/87 
Pulp ppt 25 . 0 116.0 CAL 12/15/87 
Pulp ppt 18 . 0 68.0 CAL FDUP 12/15/87 
Pulp ppt 15.0 39.0 CAL FDUP 12/15/87 
Sludge ppt 125.0 574.0 wsu 12/15/87 

* Scott Paper Co. Muskegon 
Effluent ppq 8.4 NO 42.0 CAL 06/13/88 
Pulp ppt 0.3 NO 1.0 WSU LDUP 06/13/88 
Pulp ppt 0.4 NO 1.4 wsu LDUP 06/13/88 



03/09/90 
u.s. EPA/ Paper Industry 
Cooperative Dioxin study 

Analytical Results 

Sample 2378-TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentration Lab Comments Date ------ ----- ------------- ------------- -------- ------

** State: MN 

• Boise Cascade Corp. International Falls 
Effluent ppq 120 . 0 2200.0 wsu 06/25/86 
Pulp ppt 4 . 9 47 . 0 wsu 06/25/86 
Pulp ppt 3.0 50 . 0 wsu 06/25/86 
Pulp ppt 16.0 330 . 0 wsu 06/25/86 
Sludge ppt 710.0 10900 . 0 wsu SEC 06/25/86 
Sludge ppt 37 . 0 680.0 wsu COMB 06/25/86 
Sludge ppt 24 . 0 380.0 wsu PRIM 06/25/86 

• Potlatch Corp . Cloquet 
Effluent ppq 24 . 0 46.0 CAL 09/24/88 
Pulp ppt 1.2 5 . 0 CAL 09/24/88 
Pulp ppt 2 . 4 7.9 CAL 09/24/88 
Sludge ppt 5 . 0 25 . 0 CAL 09/24/88 



03/09/90 
u.s. EPA/ Paper Industry 
Cooperative Dioxin Study 

Sample 2378-TCDD 
Matrix Units Concentration 

Analytical Results 

2378-TCDF 
Concentration 

Sample 
Lab Comments Date 

** State: MS 

* International Paper Co . Moss Point 
Effluent ppq 160.0 920.0 CAL 06/07/88 
Pulp ppt 7.3 36.0 wsu 06/07/88 
Pulp ppt 15.0 105 . 0 wsu 06/07/88 
Sludge ppt 161.0 1020 . 0 CAL 06/07/88 

* International Paper Co. Natchez 
Effluent ppq 38 . 0 220 . 0 CAL 08/12/88 
Pulp ppt 3.6 15.0 CAL 08/12/88 
Pulp ppt 2.2 3.0 CAL 08/12/88 
Sludge ppt 14.0 78.0 CAL PRIM 08/12/88 

* Leaf River Forest Products New Auqusta 
Effluent ppq 200.0 410.0 CAL 02/27/88 
Pulp ppt 15.0 35.0 CAL FDUP 12/02/88 
Pulp ppt 14.0 23.0 CAL FDUP 12/02/88 
Pulp ppt 3.8 7.7 CAL 02/27/88 
Sludge ppt 681.0 o.o NQ CAL 02/27/88 



03/09/90 
u.s. EPA/ Paper Industry 
Cooperative Dioxin Study 

Analytical Results 

Sample 2378-TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentration Lab Comments Date ------ ----- ------------- ------------- -------- ------

** State: NC 

* Champion International Canton 
Effluent ppq 15.0 7.2 CAL 04/21/88 
Pulp ppt 17.0 27.0 wsu 04/21/88 
Pulp ppt 6.0 9.9 wsu 04/21/88 
Pulp ppt 6.5 11.0 wsu FDUP 04/21/88 
Pulp ppt 4.6 5.5 wsu FDUP 04/21/88 
Pulp ppt 5 . 8 10.0 wsu 04/21/88 
Sludge ppt 175 . 0 o.o NQ WSU FOUP 04/21/88 
Sludge ppt 172.0 260.0 wsu FDUP 04/21/88 

* Federal Paper Board Co. Riegelwood 
Effluent ppq 28.0 61.0 CAL 12/13/88 
Pulp ppt 4.0 3.2 wsu 12/13/88 
Pulp ppt 4.3 4.7 wsu 12/13/88 
Pulp ppt 3.2 1.3 WSU LDUP 12/13/88 
Pulp ppt 3.3 1.5 WSU LDUP 12/13/88 
Sludge ppt 3.8 5.2 CAL FDUP 12/13/88 
Sludge ppt 2 . 9 3.3 CAL FDUP 12/13/88 

* Weyerhauser Co. New Bern 
Effluent ppq 44 . 0 180 . 0 CAL 08/13/88 
Pulp ppt 7.5 45.0 wsu 08/13/88 
Sludge ppt 373.0 1920 . 0 CAL FDUP 08/13/88 
Sludge ppt 213.0 1600.0 CAL FOUP 08/13/88 

* Weyerhauser Co. Plymouth 
Effluent ppq 320.0 4000.0 CAL 02/13/89 
Pulp ppt 10 . 0 82.0 CAL 02/13/89 
Pulp ppt 14 . 0 222.0 CAL 02/13/89 
Pulp ppt 33.0 318.0 ~L 02/13/89 
Sludge ppt 1390.0 17100.0 CAL 02/13/89 



03/09/90 
u.s . EPA/ Paper Industry 
Cooperative Dioxin Study 

Sample 
Matrix 

2378-TCDO 
Units Concentration 

** state: MT 

* Stone Container 
Effluent ppq 
Pulp ppt 
Sludge ppq 

Corp . 
3.1 
4.1 

55.0 

Analytical Results 

2378-TCOF 
Concentration 

Missoula 
7.6 

13.0 
150.0 

Sample 
Lab Comments Date 

NO CAL 07/12/88 
wsu 07/12/88 
CAL Non-dewa 07/12/88 

tered 



03/09/90 
u.s. EPA/ Paper Industry 
Cooperative Dioxin Study 

Sample 2378-TCDD 
Matrix Units Concentration 

Analytical Results 

2378-TCDF 
Concentration 

Sample 
Lab Comments Date 

~-------- ------
** State: NH 

* James River Corp. Berlin 
Effluent ppq 59.0 1200.0 CAL 08/19/88 
Effluent ppq 17.0 61.0 CAL 05/08/89 
Pulp ppt 32.0 1110.0 wsu 08/19/88 
Pulp ppt 3.3 41.0 wsu 08/19/88 
Pulp ppt 3.8 39.0 CAL 05/08/89 
;Pulp ppt 1.0 15.0 CAL 05/08/89 
Sludge ppt 104.0 2930.0 CAL LDUP 08/19/88 
Sludge ppt 98.0 2170.0 CAL LDUP 08/19/88 
Sludge ppt 18.0 195.0 CAL 05/08/89 



03/09/90 
u . s . EPA/ Paper Industry 
cooperative Dioxin study 

Analytical Results 

Sample 2378- TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentration Lab comments Date ------ ----- ------------- ------------- -------- ------

** State: NY 

* Finch, Pruyn & Co., Inc. Glens Falls 
Effluent ppq 7.9 NO 2.9 NO CAL 01/13/89 
Pulp ppt 0.3 NO 0.3 NO WSU 01/.13/89 
Sludge ppt 3.7 o.o NQ CAL LOUP 01/13/89 
Sludge ppt 1.2 7.4 LOUP 01/13/89 

* International Paper Co . Ticonderoga 
Effluent ppq 18 . 0 150 . 0 CAL FOUP 06/24/88 
Effluent ppq 24 . 0 160.0 CAL FOUP 06/24/88 
Pulp ppt 16.0 103.0 WSU LOUP 06/24/88 
Pulp ppt 17 . 0 108 . 0 WSU LOUP 06/24/88 
Pulp ppt 31.0 185.0 wsu 06/24/88 
Sludge ppt 59 . 0 267.0 CAL PRIM 06/24/88 
Sludge ppt 306 . 0 2470.0 CAL SEC 06/24/88 



03/09/90 
u.s . EPA/ Paper Industry 
Cooperative Dioxin Study . 

Sample 
Matrix 

2378-TCDD 
Units Concentration 

** State: OH 

* ·Mead Corporation 
Effluent ppq 
Pulp ppt 
Sludge ppt 

3.0 NO 
0.6 NO 
3.3 

Analytical Results 

2378-TCDF 
Concentration 

Chillicothe 
11.0 
15.0 
39.0 

Sample 
Lab Comments Date 

wsu 
wsu 
WSU COMB 

10/18/86 
10/18/86 
10/18/86 



03/09/90 
u.s. EPA/ Paper Industry 
Cooperative Dioxin Study 

Sample 2378-TCDD 
Matrix Units Concentration 

Analytical Results 

2378- TCDF 
Concentration 

Sample 
Lab Comments Date 

** State : OR 

• Boise Cascade Corp . St • Helens 
Effluent ppq 22.0 100.0 CAL 02/24/89 
Pulp ppt 4 . 2 12.0 CAL LDUP 06/27/88 
Pulp ppt 4 . 4 11.0 CAL LDUP 02/24/89 
Pulp ppt 6.5 18.0 CAL 02/24/89 
Sludge ppt 4 . 2 25.0 CAL 02/24/89 

• James River Corp . Clatskanie 
Effluent ppq 15.0 120 . 0 wsu 09/10/86 
Pulp ppt 11.0 61.0 wsu 09/10/86 
Sludge ppt 19.0 100 . 0 WSU PRIM 09/10/86 
Sludge ppt 89.0 810 . 0 wsu SEC 09/10/86 

• Pope & Talbot, Inc . Halsey 
Effluent ppq 30.0 82.0 CAL 06/27/88 
Pulp ppt 10 . 0 41.0 wsu 06/27/88 
Sludge ppt 31.0 106.0 CAL 06/27/88 



03/09/90 
u.s. EPA/ Paper Industry 
Cooperative Dioxin Study 

Analytical Results 

Sample 2378-TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentr ation Lab Comments Date 
------ ----- ------------- ------------- -------- ------

** State : PA 

* Appleton Papers , Inc . Roaring Springs 
Effluent ppq 11.0 NO 18 . 0 CAL 06/26/88 
Pulp ppt 1 . 0 21.0 CAL 06/26/88 
Sludge ppt 5.0 113.0 CAL COMB 06/26/88 

* International Paper co. Erie 
Effluent ppq 24 . 0 68.0 CAL 06/19/88 
Pulp ppt 6 . 4 22.0 wsu 06/19/88 
Sludge ppt 1. 4 NO 3.0 CAL LDUP 06/19/88 
Sludge ppt 0 . 9 3.1 CAL LDUP 06/19/88 

* P.H . Glatfelter Co. Spring Grove 
Effluent ppq 8 . 4 NO 26.0 CAL 10/28/88 
Influent ppq 65 . 0 210 . 0 CAL 10/28/88 
Pulp ppt 3.9 13 . 0 CAL LDUP 10/28/88 
Pulp ppt 6 . 5 18.0 CAL LDUP 10/28/88 
Pulp ppt 0 . 4 2 . 2 CAL 10/28/88 
Sludge ppt 93 . 0 238.0 CAL 10/28/88 

Penntech Papers, Inc . Johnsonburg 
Effluent ppq 6 . 8 NO 14 . 0 CAL 08/01/88 
Effluent ppq 9.7 65 . 0 CAL 08/01/88 
Pulp ppt 3.1 38.0 wsu 08/01/88 

* Procter & Gamble Co. Mehoopany 
Effluent ppq 9.7 NO 2.8 CAL 07/06/88 
Pulp ppt 2 . 0 1 . 1 wsu 07/06/88 
Sludge ppt 2.3 0.0 NQ CAL LDUP 07/06/88 
Sludge ppq 6.0 6 . 0 CAL Non-dewa 07/06/88 

tered 
Sludge ppt 0.3 NO 0.7 LDUP 07/06/88 



03/09/90 
u.s . EPA/ Paper Industry 
Cooperative Dioxin Study 

Sample 2378-TCDD 
Matrix Units Concentration 

** State : SC 

* Bowater Corp . 
Effluent ppq 24 . 0 
Pulp ppt 2 . 1 
Sludge ppq 620 . 0 

* International Paper Co . 
Effluent ppq 640.0 
Effluent ppq 490.0 
Pulp ppt 9.2 
Pulp ppt 10 . 0 
Pulp ppt 1. 9 
Pulp ppt 17 . 0 
Pulp ppt 16 . 0 
Sludge ppt 62.0 

* Union Camp Corp. 
Effluent ppq 20.0 
Pulp ppt 0.4 
Pulp ppt 2.4 
Sludge ppt 6.9 

NO 

Analytical Resul t s 

2378-TCDF 
Concentration 

Catawba 
42 . 0 

3 . 3 
880.0 

Georgetown 
1600 . 0 
1500.0 

38.0 
41.0 

7 . 7 
55 . 0 
52.0 

161.0 

Eastover 
53 . 0 

1 . 3 
5.6 

13.0 

Sample 
Lab Comments Date 

CAL 06/17/88 
wsu 06/17/88 
CAL Non-dewa 06/17/88 

tered 

CAL FDUP 07/16/88 
CAL FDUP 07/16/88 
WSU FDUP 07/16/88 
WSU FDUP 07/16/88 
WSU 07/16/88 
wsu FDUP 07/16/88 
wsu FDUP 07/16/88 
CAL 07/16/88 

CAL 07/22/88 
wsu 07/22/88 
wsu 07/22/88 
CAL 07/22/88 



03/09/90 

Sample 
Matrix 

u.s. EPA/ Paper Industry 
Cooperative Dioxin Study 

2378-TCOD 
Units Concentration 
----- ~------------

Analytical Results 

2378-TCDF 
Concentration 

Sample 
Lab Comments Date 

** State: TN 

* Bowater Corp. Calhoun 
Effluent ppq 6.8 NO 5.5 NO CAL 06/24/88 
Pulp ppt 7.7 53.0 wsu 06/24/88 
Sludge ppt o.o NQ 17.0 CAL LDUP 06/24/88 

Non-dewa 
tered 

Sludge ppt 4 . 5 14.0 CAL LDUP 06/24/88 
Non-dewa 
tered 

* Mead Corporation Kingsport 
Effluent ppq 6 . 0 44.0 CAL 06/06/88 
Pulp ppt 1.5 26.0 wsu 06/06/88 
Sludge ppt 3.0 NO 25.0 CAL 06/06/88 
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Analytical Results 

Sample 2378-TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentration Lab Comments Date ------ ----- ------------- ------------- -------- ------

** State: TX 

* Champion International Houston 
Effluent ppq o.o NQ 86.0 CAL LOUP 10/07/88 
Effluent ppq 0.0 11.0 CAL LDUP 10/07/88 
Effluent ppq 5 . 5 ND 5.8 ND CAL LDUP 10/07/88 
Pulp ppt 4.9 6.8 WSU 10/07/88 
Sludge ppt 106.0 144.0 CAL 10/07/88 

* Champion International Lufkin 
Effluent ppq 7.0 ND 7.0 ND WSU 12/03/86 
Pulp ppt 1.0 ND 1.2 ND WSU 12/03/86 
Pulp ppt 3.9 7.8 wsu 12/03/86 
Sludge ppt 17.0 32.0 wsu PRIM 12/03/86 
Sludge ppt 36.0 78.0 wsu SEC 12/03/86 
Sludge ppt 18.0 34.0 wsu 12/03/86 

* International Paper Co. Texarkana 
Effluent ppq 13.0 43.0 CAL FDUP 08/06/88 
Effluent ppq 18.0 44.0 CAL FDUP 08/06/88 
Pulp ppt 7.1 51.0 wsu 08/06/88 
Pulp ppt 12.0 81.0 wsu 08/06/88 
Sludge ppt 71.0 1000.0 CAL FDUP 08/06/88 

LDUP 
Sludge ppt 0.0 NQ 600.0 CAL FDUP 08/06/88 
Sludge ppt 86.0 387.0 CAL LDUP 08/06/88 

* Simpson Paper Co. Pasadena 
Effluent ppq 0 . 0 NQ 1400.0 CAL 10/08/88 
Effluent ppq 250.0 730.0 CAL 08/14/89 
Pulp ppt 14.0 48.0 WSU FDUP :i0/08/88 
Pulp ppt 18.0 66 . 0 WSU FDUP 10/08/88 
Pulp ppt 4.5 11.0 wsu 10/08/88 

* Temple-Eastex, Inc. Evadale 
Effluent ppq 88.0 100.0 CAL 07/28/88 
Pulp ppt 1.9 9.6 wsu 07/28/88 
Pulp ppt 3.1 6.3 WSU 07/28/88 
Pulp ppt 7 . 8 22 . 0 wsu 07/28/88 
Pulp ppt 4.1 13.0 wsu 07/28/88 
Sludge ppt 16 . 0 49.0 CAL 07/28/88 



. 03/09/90 
u.s. EPA/ Paper Industry 
Cooperative Dioxin Study . 

Sample 2378-TCDD 
Matrix Units Concentration 

** State: VA 

• Chesapeake Corp. 
Effluent ppq 16.0 
Pulp ppt 8.3 
Sludge ppt 14.0 

• Union camp Corp. 
Effluent ppq 68.0 
Pulp ppt 1.1 
Pulp ppt 5 . 2 
Pulp ppt 5 . 4 
Pulp ppt 3 . 8 
Pulp ppt 3 . 2 
Sludge ppt 3 . 6 

\ Westvaco Corp. 
Effluent ppq 180.0 
Effluent ppq 18.0 
Effluent ppq 12.0 
Pulp ppt 13.0 
Pulp ppt 6.2 
Pulp ppt 5.9 
Sludge ppt 119.0 

NO 

Analytical Results 

2378-TCDF 
Concentration 

West Point 
96.0 
14.0 
47 . 0 

Franklin 
71.0 
2.1 
5.7 
6.9 
4.2 
3.6 
6.0 

Covington 
520.0 
173.0 
132.0 
105.0 
49.0 
19.0 

799.0 

Sample 
Lab Comments Date 

--~~---- ------

CAL 12/04/88 
CAL 12/04/88 
CAL 12/04/88 

CAL 05/08/88 
CAL 05/08/88 
CAL LDUP 05/08/88 
CAL LDUP 05/08/88 
CAL 05/08/88 
CAL 05/08/88 
CAL PRIM 05/08/88 

CAL FDUP 07/19/88 
TRI FDUP 07/19/88 
TRI FDUP 07/19/88 
wsu 07/19/88 
wsu 07/19/88 
wsu 07/19/88 
CAL 07/19/88 
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** State : WA 

* Boise Cascade Corp . Wallula 
Effluent ppq 360.0 7500 . 0 CAL 07/15/88 
Pulp ppt 56.0 1380 . 0 wsu 07/15/88 
Sludge ppt 70 . 0 1490 . 0 CAL 07/15/88 

* Georgia-Pacific Corp . Bellingham 
Effluent ppq 5.3 ND 840 . 0 CAL 07/22/88 
Pulp ppt 2 . 6 ND 449.0 WSU FDUP 07/22/88 
Pulp ppt 3.5 409 . 0 CAL FDUP 07/22/88 
Sludge ppt 19.0 584 . 0 CAL 07/22/88 

* ITT-Rayonier, Inc. Hoquiam 
Effluent ppq 23 . 0 8.6 CAL 07/09/88 
Pulp ppt 0 . 6 NO 3.8 WSU 07/09/88 
Sludge ppt 4.8 25.0 CAL 07/09/88 

* ITT-Rayonier, Inc . Port Angeles 
Effluent ppq 22 . 0 36.0 CAL 07/27/88 
Pulp ppt 0 . 6 NO 2.1 wsu 07/27/88 
Sludge ppt 47.0 65.0 CAL 07/27/88 

* James River Corp . Camas 
Effluent ppq o.o NQ 160 . 0 CAL LOUP 08/15/88 
Pulp ppt 0.2 NO 0.6 wsu 08/15/88 
Pulp ppt 0.3 ND 0 . 9 wsu 08/15/88 
Pulp ppt 12.0 152.0 wsu 08/15/88 
Sludge ppt 12 . 0 105.0 CAL 08/15/88 

* Longview Fibre Co. Longview 
Effluent ppq 4.6 NO 57 . 0 CAL 06/29/88 
Pulp ppt 4 . 8 0 . 0 NQ WSU LDUP 06/29/88 
Pulp ppt 4 . 7 18.0 wsu 06/29/88 
Pulp ppt 4 . 4 28.0 CAL LDUP 06/29/88 
Pulp ppt 4 . 7 26 . 0 CAL LOUP 06/29/88 
Sludge ppt 69 . 0 437 . 0 CAL 06/29/88 

* Scott Paper Co. Everett 
Effluent ppq 7. 5 NO 29 . 0 CAL 07/17/88 
Effluent ppq 8 . 3 NO 2.6 NO CAL 07/17/88 
Pulp ppt 0.3 NO 0.1 NO WSU 07/17/88 
Sludge ppt 14 . 0 72.0 CAL 07/17/88 

* Simpson Paper Co. Tacoma 
Effluent ppq 0 . 0 NQ 27 . 0 CAL LDUP 10/29/88 
Effluent ppq 0 . 0 NQ 26.0 CAL LOUP 10/29/88 

FDUP 



u~; u~;~u 
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Analytical Results 

Sample 2378-TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentration Lab Comments Date 
------ ----- ------------- ------------- --- -------- ------
Effluent ppq o.o NQ 22.0 CAL FDUP 10/29/88 
Effluent ppq o. o 26.0 CAL LDUP 10/29/88 
Effluent ppq 17.0 100.0 CAL 08/01/89 
Pulp ppt 12.0 38.0 wsu 10/29/88 
Sludge ppt o.o NQ 87.0 CAL LDUP 10/29/88 
Sludge ppt 39.0 101.0 CAL LDUP 10/29/88 

FDUP 
Sludge ppt 29.0 106 . 0 CAL FDUP 10/29/88 
Sludge ppt 30.0 176.0 CAL 08/01/89 

* Weyerhauser Co . Cosmopolis 
Effluent ppq 9.7 400.0 CAL 08/05/88 
Pulp ppt 1.0 NO 6 . 3 WSU FDUP 08/06/88 
Pulp ppt o. o NQ 6.4 WSU FDUP 08/06/88 
Pulp ppt 0.3 NO 3 . 1 WSU FDUP 08/06/88 
Pulp ppt 0.3 NO 2.9 WSU FDUP 08/06/88 
Sludge ppt 12.0 61.0 CAL 08/06/88 

t Weyerhauser Co. Everett 
Effluent ppq 33.0 260.0 CAL 07/24/88 
Pulp ppt 3.4 16.0 wsu 07/24/88 
Pulp ppt 5.2 20.0 wsu 07/24/88 

• Weyerhauser Co • Longview 
Effluent ppq 10.0 37.0 CAL FDUP 08/02/88 
Effluent ppq 8.5 21.0 CAL FDUP 08/02/88 
Pulp ppt 1.7 2.8 WSU FDUP 08/02/88 
Pulp ppt 1.6 2.8 WSU FDUP 08/02/88 
Pulp ppt 7.7 20.0 wsu 08/02/88 
Pulp ppt 1 .7 9.4 wsu 08/02/88 
Sludge ppt 25.0 80.0 CAL., FDUP 08/02/88 
Sludge ppt o. o NQ 84.0 CAL FDUP 08/02/88 

• LDUP 
Sludge ppt 35.0 89.0 CAL LDUP 08/02/88 
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Sample 2378-TCDD 2378-TCDF Sample 
Matrix Units Concentration Concentration Lab Comments Date 
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** State : WI 

* Badger Paper Mills, Inc . Peshtigo 
Effluent ppq 9 . 8 280.0 CAL LDUP 07/22/88 

Pulp 
mill 

Effluent ppq 4.5 110.0 CAL LDUP 07/22/88 
Pond 

Effluent ppq 6.4 NO 170.0 CAL Pulp 07/22/88 
mill 
LDUP 

Effluent ppq 5.3 NO 130.0 CAL Pond 07/21/88 
LDUP 

Pulp ppt 4.4 323.0 wsu 07/22/88 
Sludge ppq 36.0 1800.0 CAL Non-dewa 07/22/88 

tered 

* Consolidated Papers, Inc. Wisconsin Rapids 
Effluent ppq 49.0 NO 34.0 NO 03/21/87 
Pulp ppt 20.0 83.0 CAL FDUP 03/21/87 
Pulp ppt 18.0 79.0 CAL FDUP 03/21/87 
Pulp ppt 2.2 NO 12.0 03/21/87 
Pulp ppt 12.0 86 . 0 LDUP 03/21/87 
Pulp ppt 15 . 0 105 . 0 LDUP 03/21/87 
Sludge ppt 69 . 0 556.0 PRIM 03/21/87 
Sludge ppt 134.0 679.0 SEC 03/21/87 
Sludge ppt 54.0 330.0 COMB 03/21/87 

* James River Corp. Green Bay 
Effluent ppq 11.0 61.0 CAL TO RIVER 08/22/88 

LDUP 
Effluent ppq 8.5 NO 29.0 CAL '1'0 MSD 08/22/88 
Effluent ppq 19.0 72.0 CAL LDUP 08/22/88 

FDUP 
Effluent ppq 15.0 54.0 CAL FDUP 08/22/88 
Pulp ppt 0.8 NO 7.1 wsu 08/22/88 
Sludge ppt 35.0 250 . 0 CAL 08/22/88 

* Nekoosa Papers, Inc . Nekoosa 
Pulp ppt 22.0 283.0 wsu 06/17/88 

* Nekoosa Papers, Inc. Nekoosa & Port Edwards 
Effluent ppq 40.0 320.0 CAL 06/17/88 
Sludge ppt 109.0 1300.0 CAL 06/17/88 

* Nekoosa Papers, Inc. Port Edwards 
Pulp ppt 0 . 4 NO 4 . 1 wsu 06/17/88 



• 

• 

• 

03/09/90 
u.s. EPA/ Paper Industry 
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Matrix Units concentration 

----- -------------

Pentair, Inc . 
Effluent ppq 5.4 NO 
Pulp ppt 0.5 NO 
Sludge ppt 9.4 
Sludge ppt 11.0 

Wausau Paper Mills Co • 
Effluent ppq 4.2 NO 
Effluent ppq 4 . 9 ND 
Pulp ppt 0.4 NO 
Sludge ppt 3.2 
Sludge ppt 4.1 

Weyerhauser Co. 
Effluent ppq 12 . 0 
Effluent ppq 12.0 
Pulp ppt 15 . 0 
Sludge ppt 58 . 0 

Analytical Results 

2378-TCOF 
Concentration 

rsrk Fal ls 
4.8 
0 . 9 

90.0 
73 . 0 

Brokaw 
14 . 0 

Sa.mole 
Lab Comment$ De~e 

... ------- ------

CAL 07/04/88 
NO WSU 07/04/88 

CAL LOUP 07/04/88 
CAL LDUP 07/05/88 

CAL LOUP 07/22/88 
2 • 1 ND CAL LDUP 07/22/88 
9.9 wsu 07/22/88 

68.0 CAL LDUP 0'1/22/88 
56 . 0 CAL LDUP 07/22/88 

Rothchild 
24.0 CAL LDUP 08/12/88 
18.0 CAL LDUP 09/12/88 
26.0 wsu 09/12/88 

150.0 CAL 08/12/88 
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